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Abstract
Learning suitable and well-performing dia-
logue behaviour in statistical spoken dialogue
systems has been in the focus of research for
many years. While most work which is based
on reinforcement learning employs an objec-
tive measure like task success for modelling
the reward signal, we use a reward based on
user satisfaction estimation. We propose a
novel estimator and show that it outperforms
all previous estimators while learning tempo-
ral dependencies implicitly. Furthermore, we
apply this novel user satisfaction estimation
model live in simulated experiments where the
satisfaction estimation model is trained on one
domain and applied in many other domains
which cover a similar task. We show that ap-
plying this model results in higher estimated
satisfaction, similar task success rates and a
higher robustness to noise.
1 Introduction
One prominent way of modelling the decision-
making component of a spoken dialogue system
(SDS) is to use (partially observable) Markov
decision processes ((PO)MDPs) (Lemon and
Pietquin, 2012; Young et al., 2013). There, rein-
forcement learning (RL) (Sutton and Barto, 1998)
is applied to find the optimal system behaviour
represented by the policy pi. Task-oriented dia-
logue systems model the reward r, used to guide
the learning process, traditionally with task suc-
cess as the principal reward component (Gasˇic´
and Young, 2014; Lemon and Pietquin, 2007;
Daubigney et al., 2012; Levin and Pieraccini,
1997; Young et al., 2013; Su et al., 2015, 2016).
An alternative approach proposes user satisfac-
tion as the main reward component (Ultes et al.,
2017a). However, the applied statistical user sat-
isfaction estimator heavily relies on handcrafted
temporal features. Furthermore, the impact of the
estimation performance on the resulting dialogue
policy remains unclear.
In this work, we propose a novel LSTM-based
user satisfaction reward estimator that is able to
learn the temporal dependencies implicitly and
compare the performance of the resulting dialogue
policy with the initially used estimator.
Optimising the dialogue behaviour to increase
user satisfaction instead of task success has multi-
ple advantages:
1. The user satisfaction is more domain-
independent as it can be linked to interac-
tion phenomena independent of the underly-
ing task (Ultes et al., 2017a).
2. User satisfaction is favourable over task suc-
cess as it represents more accurately the
user’s view and thus whether the user is
likely to use the system again in the future.
Task success has only been used as it has
shown to correlate well with user satisfac-
tion (Williams and Young, 2004).
Based on previous work by Ultes et al. (2017a),
the interaction quality (IQ)—a less subjective ver-
sion of user satisfaction1—will be used for esti-
mating the reward. The estimation model is thus
based on domain-independent, interaction-related
features which do not have any information avail-
able about the goal of the dialogue. This allows
the reward estimator to be applicable for learning
in unseen domains.
The originally applied IQ estimator heavily re-
lies on handcrafted temporal features. In this
work, we will present a deep learning-based IQ
estimator that utilises the capabilities of recurrent
neural networks to get rid of all handcrafted fea-
1The relation of US and IQ has been closely investigated
in (Schmitt and Ultes, 2015; Ultes et al., 2013).
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tures that encode temporal effects. By that, these
temporal dependencies may be learned instead.
The applied RL framework is shown in Fig-
ure 1. Within this setup, both IQ estimators are
used for learning dialogue policies in several do-
mains to analyse their impact on general dialogue
performance metrics.
The remainder of the paper is organised as fol-
lows: in Section 2, related work is presented fo-
cusing on dialogue learning and the type of re-
ward that is applied. In Section 3, the interaction
quality is presented and how it is used in the re-
ward model. The deep learning-based interaction
quality estimator proposed in this work is then de-
scribed in detail in Section 4 followed by the ex-
periments and results both of the estimator itself
and the resulting dialogue policies in Section 5.
2 Relevant Related Work
Most of previous work on dialogue policy learning
focuses on employing task success as the main re-
ward signal (Gasˇic´ and Young, 2014; Gasˇic´ et al.,
2014; Lemon and Pietquin, 2007; Daubigney
et al., 2012; Levin and Pieraccini, 1997; Young
et al., 2013; Su et al., 2015, 2016). However,
task success is usually only computable for pre-
defined tasks e.g., through interactions with simu-
lated or recruited users, where the underlying goal
is known in advance. To overcome this, the re-
quired information can be requested directly from
users at the end of each dialogue (Gasˇic´ et al.,
2013). However, this can be intrusive, and users
may not always cooperate.
An alternative is to use a task success estima-
tor (El Asri et al., 2014b; Su et al., 2015, 2016).
With the right choice of features, these can also
be applied to new and unseen domains (Vandyke
et al., 2015). However, these models still at-
tempt to estimate completion of the underlying
task, whereas our model evaluates the overall user
experience.
In this paper, we show that an interaction quality
reward estimator trained on dialogues from a bus
information system will result in well-performing
dialogues both in terms of success rate and user
satisfaction on five other domains, while only us-
ing interaction-related, domain-independent infor-
mation, i.e., not knowing anything about the task
of the domain.
Others have previously introduced user sat-
isfaction into the reward (Walker et al., 1998;
Walker, 2000; Rieser and Lemon, 2008b,a) by
using the PARADISE framework (Walker et al.,
1997). However, PARADISE relies on the exis-
tence of explicit task success information which is
usually hard to obtain.
Furthermore, to derive user ratings within that
framework, users have to answer a questionnaire
which is usually not feasible in real world settings.
To overcome this, PARADISE has been used in
conjunction with expert judges instead (El Asri
et al., 2012, 2013) to enable unintrusive acquisi-
tion of dialogues. However, the problem of map-
ping the results of the questionnaire to a scalar re-
ward value still exists.
Therefore, we use interaction quality (Sec-
tion 3) in this work because it uses scalar values
applied by experts and only uses task-independent
features that are easy to derive.
3 Interaction Quality Reward Estimation
In this work, the reward estimator is based on
the interaction quality (IQ) (Schmitt and Ultes,
2015) for learning information-seeking dialogue
policies. IQ represents a less subjective variant of
user satisfaction: instead of being acquired from
users directly, experts annotate pre-recorded di-
alogues to avoid the large variance that is often
encountered when users rate their dialogues di-
rectly (Schmitt and Ultes, 2015).
IQ is defined on a five-point scale from five (sat-
isfied) down to one (extremely unsatisfied). To de-
rive a reward from this value, the equation
RIQ = T · (−1) + (iq − 1) · 5 (1)
is used where RIQ describes the final reward. It is
applied to the final turn of the dialogue of length
T with a final IQ value of iq. A per-turn penalty
of −1 is added to the dialogue outcome. This re-
sults in a reward range of 19 down to −T which
is consistent with related work (Gasˇic´ and Young,
2014; Vandyke et al., 2015; Su et al., 2016, e.g.) in
which binary task success (TS) was used to define
the reward as:
RTS = T · (−1) + 1TS · 20 , (2)
where 1TS = 1 only if the dialogue was success-
ful, 1TS = 0 otherwise. RTS will be used as a
baseline.
The problem of estimating IQ has been cast as
a classification problem where the target classes
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Figure 1: The RL framework integrating an interaction quality reward estimator as proposed by Ultes et al. (2017a).
The policy learns to take action at at time t while being in state st and receiving reward rt.
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et 2
<latexit sha1_base 64="CkDMKSn6CNLMRBV2hEjUm31DTDM=">A AAHrniclVXbbtNAEJ22QNpyS+GRl4i0CAla JQEJHiu1IB5AFGjaSk0V2e4mseJLZG9Cgp U/4RX+iX/hgTPjTWjiXFpb9s7Ozjlz27Xtj ufGulT6s7K6duv2ndz6xubde/cfPMxvPTqJ w27kqKoTemF0Zlux8txAVbWrPXXWiZTl254 6tdsHvH7aU1HshsGxHnTUhW81A7fhOpaGqp 7P13xLt+xGoob1RO9WhvV8sbRXkquQFcpG KJK5jsKttQOq0SWF5FCXfFIUkIbskUUx7nM qU4k60F1QAl0EyZV1RUPaBLYLKwULC9o23k 3Mzo02wJw5Y0E78OLhiYAs0A6e98Jow5q9K sgxxr94foiuOddDIswc4QCjDcYNYfwEvaYW LJYhfWM5imU5krPS1KC3ko2L+Dqi4TydMc8 hViLo2rJSoHdi2QSHLfMeKhBgrCICrvKIo SAZX2K0ZFTCEhhGC3wRRq4+xzM/uybsLGhb 0qc+vZR1x3Q2lq4x+hCatM/sZ5T9ZyCVMGj pVALLGFIDc65YH/gko7kZH8vaxONKNYbSla z2Zrye7B5f2D7SNzqG9ShbXyqoxJ73rjb7L evhK/hsqa2mA8i+YLkj7IPr2AMrnwveBTt gKOCujfcT9+O/h/Rs7RtcQkXghoJKswug/y 4nY9LPVRR7q0x5a6BG/QxvQi8Me2rF+TQkG gfR2ODsw2Zbot2XaBlXAwNbJAsR8zzu4j3J V0S0iyPcxpO+l2e0e616TaJnVcyFTd/ke4l ZjE5xzwfS6YHknNqO+tmWHRJIPq8w7465lO y1Sfur/Nz5vpy2LPMy9nkesl5iZMvfhM4C T7O8Vaa8LfJ4fTx3YHPmfCTPOouh+eZG+HO Vp/9TWeGksleG/OV1cf+Z+Yet0xN6Ss9RkT fo/wc6wpfVwR74Sb/od66UO8ld5Oqp6eqKw TymiSvX+gdA9GYA</latexit><latexit sha1_base 64="CkDMKSn6CNLMRBV2hEjUm31DTDM=">A AAHrniclVXbbtNAEJ22QNpyS+GRl4i0CAla JQEJHiu1IB5AFGjaSk0V2e4mseJLZG9Cgp U/4RX+iX/hgTPjTWjiXFpb9s7Ozjlz27Xtj ufGulT6s7K6duv2ndz6xubde/cfPMxvPTqJ w27kqKoTemF0Zlux8txAVbWrPXXWiZTl254 6tdsHvH7aU1HshsGxHnTUhW81A7fhOpaGqp 7P13xLt+xGoob1RO9WhvV8sbRXkquQFcpG KJK5jsKttQOq0SWF5FCXfFIUkIbskUUx7nM qU4k60F1QAl0EyZV1RUPaBLYLKwULC9o23k 3Mzo02wJw5Y0E78OLhiYAs0A6e98Jow5q9K sgxxr94foiuOddDIswc4QCjDcYNYfwEvaYW LJYhfWM5imU5krPS1KC3ko2L+Dqi4TydMc8 hViLo2rJSoHdi2QSHLfMeKhBgrCICrvKIo SAZX2K0ZFTCEhhGC3wRRq4+xzM/uybsLGhb 0qc+vZR1x3Q2lq4x+hCatM/sZ5T9ZyCVMGj pVALLGFIDc65YH/gko7kZH8vaxONKNYbSla z2Zrye7B5f2D7SNzqG9ShbXyqoxJ73rjb7L evhK/hsqa2mA8i+YLkj7IPr2AMrnwveBTt gKOCujfcT9+O/h/Rs7RtcQkXghoJKswug/y 4nY9LPVRR7q0x5a6BG/QxvQi8Me2rF+TQkG gfR2ODsw2Zbot2XaBlXAwNbJAsR8zzu4j3J V0S0iyPcxpO+l2e0e616TaJnVcyFTd/ke4l ZjE5xzwfS6YHknNqO+tmWHRJIPq8w7465lO y1Sfur/Nz5vpy2LPMy9nkesl5iZMvfhM4C T7O8Vaa8LfJ4fTx3YHPmfCTPOouh+eZG+HO Vp/9TWeGksleG/OV1cf+Z+Yet0xN6Ss9RkT fo/wc6wpfVwR74Sb/od66UO8ld5Oqp6eqKw TymiSvX+gdA9GYA</latexit><latexit sha1_base 64="CkDMKSn6CNLMRBV2hEjUm31DTDM=">A AAHrniclVXbbtNAEJ22QNpyS+GRl4i0CAla JQEJHiu1IB5AFGjaSk0V2e4mseJLZG9Cgp U/4RX+iX/hgTPjTWjiXFpb9s7Ozjlz27Xtj ufGulT6s7K6duv2ndz6xubde/cfPMxvPTqJ w27kqKoTemF0Zlux8txAVbWrPXXWiZTl254 6tdsHvH7aU1HshsGxHnTUhW81A7fhOpaGqp 7P13xLt+xGoob1RO9WhvV8sbRXkquQFcpG KJK5jsKttQOq0SWF5FCXfFIUkIbskUUx7nM qU4k60F1QAl0EyZV1RUPaBLYLKwULC9o23k 3Mzo02wJw5Y0E78OLhiYAs0A6e98Jow5q9K sgxxr94foiuOddDIswc4QCjDcYNYfwEvaYW LJYhfWM5imU5krPS1KC3ko2L+Dqi4TydMc8 hViLo2rJSoHdi2QSHLfMeKhBgrCICrvKIo SAZX2K0ZFTCEhhGC3wRRq4+xzM/uybsLGhb 0qc+vZR1x3Q2lq4x+hCatM/sZ5T9ZyCVMGj pVALLGFIDc65YH/gko7kZH8vaxONKNYbSla z2Zrye7B5f2D7SNzqG9ShbXyqoxJ73rjb7L evhK/hsqa2mA8i+YLkj7IPr2AMrnwveBTt gKOCujfcT9+O/h/Rs7RtcQkXghoJKswug/y 4nY9LPVRR7q0x5a6BG/QxvQi8Me2rF+TQkG gfR2ODsw2Zbot2XaBlXAwNbJAsR8zzu4j3J V0S0iyPcxpO+l2e0e616TaJnVcyFTd/ke4l ZjE5xzwfS6YHknNqO+tmWHRJIPq8w7465lO y1Sfur/Nz5vpy2LPMy9nkesl5iZMvfhM4C T7O8Vaa8LfJ4fTx3YHPmfCTPOouh+eZG+HO Vp/9TWeGksleG/OV1cf+Z+Yet0xN6Ss9RkT fo/wc6wpfVwR74Sb/od66UO8ld5Oqp6eqKw TymiSvX+gdA9GYA</latexit><latexit sha1_base 64="CkDMKSn6CNLMRBV2hEjUm31DTDM=">A AAHrniclVXbbtNAEJ22QNpyS+GRl4i0CAla JQEJHiu1IB5AFGjaSk0V2e4mseJLZG9Cgp U/4RX+iX/hgTPjTWjiXFpb9s7Ozjlz27Xtj ufGulT6s7K6duv2ndz6xubde/cfPMxvPTqJ w27kqKoTemF0Zlux8txAVbWrPXXWiZTl254 6tdsHvH7aU1HshsGxHnTUhW81A7fhOpaGqp 7P13xLt+xGoob1RO9WhvV8sbRXkquQFcpG KJK5jsKttQOq0SWF5FCXfFIUkIbskUUx7nM qU4k60F1QAl0EyZV1RUPaBLYLKwULC9o23k 3Mzo02wJw5Y0E78OLhiYAs0A6e98Jow5q9K sgxxr94foiuOddDIswc4QCjDcYNYfwEvaYW LJYhfWM5imU5krPS1KC3ko2L+Dqi4TydMc8 hViLo2rJSoHdi2QSHLfMeKhBgrCICrvKIo SAZX2K0ZFTCEhhGC3wRRq4+xzM/uybsLGhb 0qc+vZR1x3Q2lq4x+hCatM/sZ5T9ZyCVMGj pVALLGFIDc65YH/gko7kZH8vaxONKNYbSla z2Zrye7B5f2D7SNzqG9ShbXyqoxJ73rjb7L evhK/hsqa2mA8i+YLkj7IPr2AMrnwveBTt gKOCujfcT9+O/h/Rs7RtcQkXghoJKswug/y 4nY9LPVRR7q0x5a6BG/QxvQi8Me2rF+TQkG gfR2ODsw2Zbot2XaBlXAwNbJAsR8zzu4j3J V0S0iyPcxpO+l2e0e616TaJnVcyFTd/ke4l ZjE5xzwfS6YHknNqO+tmWHRJIPq8w7465lO y1Sfur/Nz5vpy2LPMy9nkesl5iZMvfhM4C T7O8Vaa8LfJ4fTx3YHPmfCTPOouh+eZG+HO Vp/9TWeGksleG/OV1cf+Z+Yet0xN6Ss9RkT fo/wc6wpfVwR74Sb/od66UO8ld5Oqp6eqKw TymiSvX+gdA9GYA</latexit>
e1
<latexit sha1_base64="xsc7p t4lmUi/aHBC8GGYDv xrhg0=">AAAHqHicl VXbbtNAEJ22QNpya+G Rl4i0CAGtkoIEj5FS EA8gCjRNUVNVtrNJrf gS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOz c87cdm2747mxLhb/LC 2v3Lh5K7e6tn77zt1 79zc2HxzFYTdyVNUJv TA6tq1YeW6gqtrVnj ruRMrybU/V7HaF12sX KordMDjU/Y469a1W4 DZdx9JQ1eu+pc/tZq IGZ6WzjUJxtyhXPiuU jFAgcx2EmysVqlODQ nKoSz4pCkhD9siiGPc JlahIHehOKYEuguTK uqIBrQPbhZWChQVtG +8WZidGG2DOnLGgHXj x8ERA5mkbzzthtGHN XhXkGONfPD9E15rpIR FmjrCP0QbjmjB+hF7 TOSwWIX1jOYxlMZKz 0tSkN5KNi/g6ouE8nR HPPlYi6Nqykqe3Ytk Chy3zC1QgwFhFBFzlI UNeMm5gtGRUwhIYRg t8EUauPsczO7sW7Cx oz6VPPXoh647pbCxdY /Q+NGmf2c8w+09AKm HQ0qkEljGkJuZcsR7w SUZzPT6WtYnHlWoMp CtZ7fV4Pdk9vrB9oK9 0COthtr5UUIk9711t 9lvWwxfw2VJbTRXIv mC5I+yD63gBVj4XvAu 2wZDHXR/tJ+7Hfw/p 2SobXEIF4AaCSrMLoP 8uJ2Pcz2UUe9ub8NZ EjXoZ3oSeG/bUivNp SjQOorHB2YPNlkRblm gZVwcDWyRzEbM87uA 9zldAtPMj3MKTvhdnt HOleo2jp1XMhU3P5N vALEanuOd96XRfck5 th/1syw4JJJ+XmHdHX Er22rj9ZX7ufE9OW5 Z5EfssD1kvMbLlb0Jn jqdp3vYmvM3zeHU8d 2B96nwoTzuLofnmRv hzlSb/U1nhaG+3BPnz q0L5ifmHrdIjekxPU ZHX6P97OsCX1UFNftI v+p17ljvI1XLfUtPl JYN5SGNXzv4HxVVkDQ ==</latexit><latexit sha1_base64="xsc7p t4lmUi/aHBC8GGYDv xrhg0=">AAAHqHicl VXbbtNAEJ22QNpya+G Rl4i0CAGtkoIEj5FS EA8gCjRNUVNVtrNJrf gS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOz c87cdm2747mxLhb/LC 2v3Lh5K7e6tn77zt1 79zc2HxzFYTdyVNUJv TA6tq1YeW6gqtrVnj ruRMrybU/V7HaF12sX KordMDjU/Y469a1W4 DZdx9JQ1eu+pc/tZq IGZ6WzjUJxtyhXPiuU jFAgcx2EmysVqlODQ nKoSz4pCkhD9siiGPc JlahIHehOKYEuguTK uqIBrQPbhZWChQVtG +8WZidGG2DOnLGgHXj x8ERA5mkbzzthtGHN XhXkGONfPD9E15rpIR FmjrCP0QbjmjB+hF7 TOSwWIX1jOYxlMZKz 0tSkN5KNi/g6ouE8nR HPPlYi6Nqykqe3Ytk Chy3zC1QgwFhFBFzlI UNeMm5gtGRUwhIYRg t8EUauPsczO7sW7Cx oz6VPPXoh647pbCxdY /Q+NGmf2c8w+09AKm HQ0qkEljGkJuZcsR7w SUZzPT6WtYnHlWoMp CtZ7fV4Pdk9vrB9oK9 0COthtr5UUIk9711t 9lvWwxfw2VJbTRXIv mC5I+yD63gBVj4XvAu 2wZDHXR/tJ+7Hfw/p 2SobXEIF4AaCSrMLoP 8uJ2Pcz2UUe9ub8NZ EjXoZ3oSeG/bUivNp SjQOorHB2YPNlkRblm gZVwcDWyRzEbM87uA 9zldAtPMj3MKTvhdnt HOleo2jp1XMhU3P5N vALEanuOd96XRfck5 th/1syw4JJJ+XmHdHX Er22rj9ZX7ufE9OW5 Z5EfssD1kvMbLlb0Jn jqdp3vYmvM3zeHU8d 2B96nwoTzuLofnmRv hzlSb/U1nhaG+3BPnz q0L5ifmHrdIjekxPU ZHX6P97OsCX1UFNftI v+p17ljvI1XLfUtPl JYN5SGNXzv4HxVVkDQ ==</latexit><latexit sha1_base64="xsc7p t4lmUi/aHBC8GGYDv xrhg0=">AAAHqHicl VXbbtNAEJ22QNpya+G Rl4i0CAGtkoIEj5FS EA8gCjRNUVNVtrNJrf gS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOz c87cdm2747mxLhb/LC 2v3Lh5K7e6tn77zt1 79zc2HxzFYTdyVNUJv TA6tq1YeW6gqtrVnj ruRMrybU/V7HaF12sX KordMDjU/Y469a1W4 DZdx9JQ1eu+pc/tZq IGZ6WzjUJxtyhXPiuU jFAgcx2EmysVqlODQ nKoSz4pCkhD9siiGPc JlahIHehOKYEuguTK uqIBrQPbhZWChQVtG +8WZidGG2DOnLGgHXj x8ERA5mkbzzthtGHN XhXkGONfPD9E15rpIR FmjrCP0QbjmjB+hF7 TOSwWIX1jOYxlMZKz 0tSkN5KNi/g6ouE8nR HPPlYi6Nqykqe3Ytk Chy3zC1QgwFhFBFzlI UNeMm5gtGRUwhIYRg t8EUauPsczO7sW7Cx oz6VPPXoh647pbCxdY /Q+NGmf2c8w+09AKm HQ0qkEljGkJuZcsR7w SUZzPT6WtYnHlWoMp CtZ7fV4Pdk9vrB9oK9 0COthtr5UUIk9711t 9lvWwxfw2VJbTRXIv mC5I+yD63gBVj4XvAu 2wZDHXR/tJ+7Hfw/p 2SobXEIF4AaCSrMLoP 8uJ2Pcz2UUe9ub8NZ EjXoZ3oSeG/bUivNp SjQOorHB2YPNlkRblm gZVwcDWyRzEbM87uA 9zldAtPMj3MKTvhdnt HOleo2jp1XMhU3P5N vALEanuOd96XRfck5 th/1syw4JJJ+XmHdHX Er22rj9ZX7ufE9OW5 Z5EfssD1kvMbLlb0Jn jqdp3vYmvM3zeHU8d 2B96nwoTzuLofnmRv hzlSb/U1nhaG+3BPnz q0L5ifmHrdIjekxPU ZHX6P97OsCX1UFNftI v+p17ljvI1XLfUtPl JYN5SGNXzv4HxVVkDQ ==</latexit><latexit sha1_base64="xsc7p t4lmUi/aHBC8GGYDv xrhg0=">AAAHqHicl VXbbtNAEJ22QNpya+G Rl4i0CAGtkoIEj5FS EA8gCjRNUVNVtrNJrf gS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOz c87cdm2747mxLhb/LC 2v3Lh5K7e6tn77zt1 79zc2HxzFYTdyVNUJv TA6tq1YeW6gqtrVnj ruRMrybU/V7HaF12sX KordMDjU/Y469a1W4 DZdx9JQ1eu+pc/tZq IGZ6WzjUJxtyhXPiuU jFAgcx2EmysVqlODQ nKoSz4pCkhD9siiGPc JlahIHehOKYEuguTK uqIBrQPbhZWChQVtG +8WZidGG2DOnLGgHXj x8ERA5mkbzzthtGHN XhXkGONfPD9E15rpIR FmjrCP0QbjmjB+hF7 TOSwWIX1jOYxlMZKz 0tSkN5KNi/g6ouE8nR HPPlYi6Nqykqe3Ytk Chy3zC1QgwFhFBFzlI UNeMm5gtGRUwhIYRg t8EUauPsczO7sW7Cx oz6VPPXoh647pbCxdY /Q+NGmf2c8w+09AKm HQ0qkEljGkJuZcsR7w SUZzPT6WtYnHlWoMp CtZ7fV4Pdk9vrB9oK9 0COthtr5UUIk9711t 9lvWwxfw2VJbTRXIv mC5I+yD63gBVj4XvAu 2wZDHXR/tJ+7Hfw/p 2SobXEIF4AaCSrMLoP 8uJ2Pcz2UUe9ub8NZ EjXoZ3oSeG/bUivNp SjQOorHB2YPNlkRblm gZVwcDWyRzEbM87uA 9zldAtPMj3MKTvhdnt HOleo2jp1XMhU3P5N vALEanuOd96XRfck5 th/1syw4JJJ+XmHdHX Er22rj9ZX7ufE9OW5 Z5EfssD1kvMbLlb0Jn jqdp3vYmvM3zeHU8d 2B96nwoTzuLofnmRv hzlSb/U1nhaG+3BPnz q0L5ifmHrdIjekxPU ZHX6P97OsCX1UFNftI v+p17ljvI1XLfUtPl JYN5SGNXzv4HxVVkDQ ==</latexit>
e2
<latexit sha1_base64="Jb19H y94NRcldwg+Pilg6B Wpahc=">AAAHqHicl VXbbtNAEJ22QNpya+G Rl4i0CAGtkoAEj5Va EA8gCjRNUVNVtrNJrP gS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOz c87cdm2747mxLhb/LC 2v3Lh5K7e6tn77zt1 79zc2HxzHYTdyVMUJv TA6sa1YeW6gKtrVnj rpRMrybU9V7fY+r1cv VBS7YXCk+x115lvNw G24jqWhqtV8S7fsRq IG5+XzjUJxtyhXPiuU jFAgcx2Gmyv7VKM6h eRQl3xSFJCG7JFFMe5 TKlGROtCdUQJdBMmV dUUDWge2CysFCwvaN t5NzE6NNsCcOWNBO/D i4YmAzNM2nnfCaMOa vSrIMca/eH6IrjnTQy LMHGEfow3GNWH8CL2 mFiwWIX1jOYxlMZKz 0tSgN5KNi/g6ouE8nR HPAVYi6Nqykqe3Ytk Ehy3zC1QgwFhBBFzlI UNeMq5jtGRUwhIYRg t8EUauPsczO7sm7Cx oW9KnHr2Qdcd0NpauM foAmrTP7GeY/ScglT Bo6VQCyxhSA3OuWA/4 JKO5Hh/L2sTjSjUG0 pWs9nq8nuweX9g+0Fc 6gvUwW18qqMSe9642 +y3r4Qv4bKmtpn3Iv mC5I+yD63gBVj4XvAu 2wZDHXRvtJ+7Hfw/p 2dozuIQKwA0ElWYXQP 9dTsa4n8so9lae8NZ AjXoZ3oSeG/bUivNp SDQOorHB2YPNlkS7J9 EyrgYGtkjmImZ53MF 7nK+AaOdHuIUnfS/Oa OdK9RpHT6uYC5ueyb eOWYxOcc/70um+5Jz aDvvZlh0SSD4vMe+Ou JTstXH7y/zc+Z6cti zzIvZZHrJeYmTL34TO HE/TvJUnvM3zeHU8d 2B96nwoTzuLofnmRv hzlSb/U1nhuLxbgvz5 VWHvifmHrdIjekxPU ZHX6P97OsSX1UFNftI v+p17ljvMVXPfUtPl JYN5SGNXzv4HzI5kDg ==</latexit><latexit sha1_base64="Jb19H y94NRcldwg+Pilg6B Wpahc=">AAAHqHicl VXbbtNAEJ22QNpya+G Rl4i0CAGtkoAEj5Va EA8gCjRNUVNVtrNJrP gS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOz c87cdm2747mxLhb/LC 2v3Lh5K7e6tn77zt1 79zc2HxzHYTdyVMUJv TA6sa1YeW6gKtrVnj rpRMrybU9V7fY+r1cv VBS7YXCk+x115lvNw G24jqWhqtV8S7fsRq IG5+XzjUJxtyhXPiuU jFAgcx2Gmyv7VKM6h eRQl3xSFJCG7JFFMe5 TKlGROtCdUQJdBMmV dUUDWge2CysFCwvaN t5NzE6NNsCcOWNBO/D i4YmAzNM2nnfCaMOa vSrIMca/eH6IrjnTQy LMHGEfow3GNWH8CL2 mFiwWIX1jOYxlMZKz 0tSgN5KNi/g6ouE8nR HPAVYi6Nqykqe3Ytk Ehy3zC1QgwFhBBFzlI UNeMq5jtGRUwhIYRg t8EUauPsczO7sm7Cx oW9KnHr2Qdcd0NpauM foAmrTP7GeY/ScglT Bo6VQCyxhSA3OuWA/4 JKO5Hh/L2sTjSjUG0 pWs9nq8nuweX9g+0Fc 6gvUwW18qqMSe9642 +y3r4Qv4bKmtpn3Iv mC5I+yD63gBVj4XvAu 2wZDHXRvtJ+7Hfw/p 2dozuIQKwA0ElWYXQP 9dTsa4n8so9lae8NZ AjXoZ3oSeG/bUivNp SDQOorHB2YPNlkS7J9 EyrgYGtkjmImZ53MF 7nK+AaOdHuIUnfS/Oa OdK9RpHT6uYC5ueyb eOWYxOcc/70um+5Jz aDvvZlh0SSD4vMe+Ou JTstXH7y/zc+Z6cti zzIvZZHrJeYmTL34TO HE/TvJUnvM3zeHU8d 2B96nwoTzuLofnmRv hzlSb/U1nhuLxbgvz5 VWHvifmHrdIjekxPU ZHX6P97OsSX1UFNftI v+p17ljvMVXPfUtPl JYN5SGNXzv4HzI5kDg ==</latexit><latexit sha1_base64="Jb19H y94NRcldwg+Pilg6B Wpahc=">AAAHqHicl VXbbtNAEJ22QNpya+G Rl4i0CAGtkoAEj5Va EA8gCjRNUVNVtrNJrP gS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOz c87cdm2747mxLhb/LC 2v3Lh5K7e6tn77zt1 79zc2HxzHYTdyVMUJv TA6sa1YeW6gKtrVnj rpRMrybU9V7fY+r1cv VBS7YXCk+x115lvNw G24jqWhqtV8S7fsRq IG5+XzjUJxtyhXPiuU jFAgcx2Gmyv7VKM6h eRQl3xSFJCG7JFFMe5 TKlGROtCdUQJdBMmV dUUDWge2CysFCwvaN t5NzE6NNsCcOWNBO/D i4YmAzNM2nnfCaMOa vSrIMca/eH6IrjnTQy LMHGEfow3GNWH8CL2 mFiwWIX1jOYxlMZKz 0tSgN5KNi/g6ouE8nR HPAVYi6Nqykqe3Ytk Ehy3zC1QgwFhBBFzlI UNeMq5jtGRUwhIYRg t8EUauPsczO7sm7Cx oW9KnHr2Qdcd0NpauM foAmrTP7GeY/ScglT Bo6VQCyxhSA3OuWA/4 JKO5Hh/L2sTjSjUG0 pWs9nq8nuweX9g+0Fc 6gvUwW18qqMSe9642 +y3r4Qv4bKmtpn3Iv mC5I+yD63gBVj4XvAu 2wZDHXRvtJ+7Hfw/p 2dozuIQKwA0ElWYXQP 9dTsa4n8so9lae8NZ AjXoZ3oSeG/bUivNp SDQOorHB2YPNlkS7J9 EyrgYGtkjmImZ53MF 7nK+AaOdHuIUnfS/Oa OdK9RpHT6uYC5ueyb eOWYxOcc/70um+5Jz aDvvZlh0SSD4vMe+Ou JTstXH7y/zc+Z6cti zzIvZZHrJeYmTL34TO HE/TvJUnvM3zeHU8d 2B96nwoTzuLofnmRv hzlSb/U1nhuLxbgvz5 VWHvifmHrdIjekxPU ZHX6P97OsSX1UFNftI v+p17ljvMVXPfUtPl JYN5SGNXzv4HzI5kDg ==</latexit><latexit sha1_base64="Jb19H y94NRcldwg+Pilg6B Wpahc=">AAAHqHicl VXbbtNAEJ22QNpya+G Rl4i0CAGtkoAEj5Va EA8gCjRNUVNVtrNJrP gS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOz c87cdm2747mxLhb/LC 2v3Lh5K7e6tn77zt1 79zc2HxzHYTdyVMUJv TA6sa1YeW6gKtrVnj rpRMrybU9V7fY+r1cv VBS7YXCk+x115lvNw G24jqWhqtV8S7fsRq IG5+XzjUJxtyhXPiuU jFAgcx2Gmyv7VKM6h eRQl3xSFJCG7JFFMe5 TKlGROtCdUQJdBMmV dUUDWge2CysFCwvaN t5NzE6NNsCcOWNBO/D i4YmAzNM2nnfCaMOa vSrIMca/eH6IrjnTQy LMHGEfow3GNWH8CL2 mFiwWIX1jOYxlMZKz 0tSgN5KNi/g6ouE8nR HPAVYi6Nqykqe3Ytk Ehy3zC1QgwFhBBFzlI UNeMq5jtGRUwhIYRg t8EUauPsczO7sm7Cx oW9KnHr2Qdcd0NpauM foAmrTP7GeY/ScglT Bo6VQCyxhSA3OuWA/4 JKO5Hh/L2sTjSjUG0 pWs9nq8nuweX9g+0Fc 6gvUwW18qqMSe9642 +y3r4Qv4bKmtpn3Iv mC5I+yD63gBVj4XvAu 2wZDHXRvtJ+7Hfw/p 2dozuIQKwA0ElWYXQP 9dTsa4n8so9lae8NZ AjXoZ3oSeG/bUivNp SDQOorHB2YPNlkS7J9 EyrgYGtkjmImZ53MF 7nK+AaOdHuIUnfS/Oa OdK9RpHT6uYC5ueyb eOWYxOcc/70um+5Jz aDvvZlh0SSD4vMe+Ou JTstXH7y/zc+Z6cti zzIvZZHrJeYmTL34TO HE/TvJUnvM3zeHU8d 2B96nwoTzuLofnmRv hzlSb/U1nhuLxbgvz5 VWHvifmHrdIjekxPU ZHX6P97OsSX1UFNftI v+p17ljvMVXPfUtPl JYN5SGNXzv4HzI5kDg ==</latexit>
et
<latexit sha1_base 64="XYDWjSnHe/vb664WFbXwk1KEfnc=">A AAHqHiclVXbbtNAEJ22QNpya+GRl4i0CAGt koIEj5FSEA8gCjRNUVNVtrNJrfgS2ZuSYO U3eIXf4l944Mx4E5o4l9aWvbOzc87cdm274 7mxLhb/LC2v3Lh5K7e6tn77zt179zc2HxzF YTdyVNUJvTA6tq1YeW6gqtrVnjruRMrybU/ V7HaF12sXKordMDjU/Y469a1W4DZdx9JQ1e u+pc/tZqIGZ/pso1DcLcqVzwolIxTIXAfh 5kqF6tSgkBzqkk+KAtKQPbIoxn1CJSpSB7p TSqCLILmyrmhA68B2YaVgYUHbxruF2YnRBp gzZyxoB148PBGQedrG804YbVizVwU5xvgXz w/RtWZ6SISZI+xjtMG4Jowfodd0DotFSN9Y DmNZjOSsNDXpjWTjIr6OaDhPZ8Szj5UIura s5OmtWLbAYcv8AhUIMFYRAVd5yJCXjBsYL RmVsASG0QJfhJGrz/HMzq4FOwvac+lTj17I umM6G0vXGL0PTdpn9jPM/hOQShi0dCqBZQy piTlXrAd8ktFcj49lbeJxpRoD6UpWez1eT3 aPL2wf6CsdwnqYrS8VVGLPe1eb/Zb18AV8t tRWUwWyL1juCPvgOl6Alc8F74JtMORx10f 7ifvx30N6tsoGl1ABuIGg0uwC6L/LyRj3cx nF3vYmvDVRo16GN6Hnhj214nyaEo2DaGxw9 mCzJdGWJVrG1cHAFslcxCyPO3iP8xUQ7fwI t/Ck78UZ7VypXuPoaRVzYdMz+TYwi9Ep7nl fOt2XnFPbYT/bskMCyecl5t0Rl5K9Nm5/mZ 8735PTlmVexD7LQ9ZLjGz5m9CZ42mat70J b/M8Xh3PHVifOh/K085iaL65Ef5cpcn/VFY 42tstQf78qlB+Yv5hq/SIHtNTVOQ1+v+eDv BldVCTn/SLfuee5Q5ytdy31HR5yWAe0tiVs /8BqV5kUA==</latexit><latexit sha1_base 64="XYDWjSnHe/vb664WFbXwk1KEfnc=">A AAHqHiclVXbbtNAEJ22QNpya+GRl4i0CAGt koIEj5FSEA8gCjRNUVNVtrNJrfgS2ZuSYO U3eIXf4l944Mx4E5o4l9aWvbOzc87cdm274 7mxLhb/LC2v3Lh5K7e6tn77zt179zc2HxzF YTdyVNUJvTA6tq1YeW6gqtrVnjruRMrybU/ V7HaF12sXKordMDjU/Y469a1W4DZdx9JQ1e u+pc/tZqIGZ/pso1DcLcqVzwolIxTIXAfh 5kqF6tSgkBzqkk+KAtKQPbIoxn1CJSpSB7p TSqCLILmyrmhA68B2YaVgYUHbxruF2YnRBp gzZyxoB148PBGQedrG804YbVizVwU5xvgXz w/RtWZ6SISZI+xjtMG4Jowfodd0DotFSN9Y DmNZjOSsNDXpjWTjIr6OaDhPZ8Szj5UIura s5OmtWLbAYcv8AhUIMFYRAVd5yJCXjBsYL RmVsASG0QJfhJGrz/HMzq4FOwvac+lTj17I umM6G0vXGL0PTdpn9jPM/hOQShi0dCqBZQy piTlXrAd8ktFcj49lbeJxpRoD6UpWez1eT3 aPL2wf6CsdwnqYrS8VVGLPe1eb/Zb18AV8t tRWUwWyL1juCPvgOl6Alc8F74JtMORx10f 7ifvx30N6tsoGl1ABuIGg0uwC6L/LyRj3cx nF3vYmvDVRo16GN6Hnhj214nyaEo2DaGxw9 mCzJdGWJVrG1cHAFslcxCyPO3iP8xUQ7fwI t/Ck78UZ7VypXuPoaRVzYdMz+TYwi9Ep7nl fOt2XnFPbYT/bskMCyecl5t0Rl5K9Nm5/mZ 8735PTlmVexD7LQ9ZLjGz5m9CZ42mat70J b/M8Xh3PHVifOh/K085iaL65Ef5cpcn/VFY 42tstQf78qlB+Yv5hq/SIHtNTVOQ1+v+eDv BldVCTn/SLfuee5Q5ytdy31HR5yWAe0tiVs /8BqV5kUA==</latexit><latexit sha1_base 64="XYDWjSnHe/vb664WFbXwk1KEfnc=">A AAHqHiclVXbbtNAEJ22QNpya+GRl4i0CAGt koIEj5FSEA8gCjRNUVNVtrNJrfgS2ZuSYO U3eIXf4l944Mx4E5o4l9aWvbOzc87cdm274 7mxLhb/LC2v3Lh5K7e6tn77zt179zc2HxzF YTdyVNUJvTA6tq1YeW6gqtrVnjruRMrybU/ V7HaF12sXKordMDjU/Y469a1W4DZdx9JQ1e u+pc/tZqIGZ/pso1DcLcqVzwolIxTIXAfh 5kqF6tSgkBzqkk+KAtKQPbIoxn1CJSpSB7p TSqCLILmyrmhA68B2YaVgYUHbxruF2YnRBp gzZyxoB148PBGQedrG804YbVizVwU5xvgXz w/RtWZ6SISZI+xjtMG4Jowfodd0DotFSN9Y DmNZjOSsNDXpjWTjIr6OaDhPZ8Szj5UIura s5OmtWLbAYcv8AhUIMFYRAVd5yJCXjBsYL RmVsASG0QJfhJGrz/HMzq4FOwvac+lTj17I umM6G0vXGL0PTdpn9jPM/hOQShi0dCqBZQy piTlXrAd8ktFcj49lbeJxpRoD6UpWez1eT3 aPL2wf6CsdwnqYrS8VVGLPe1eb/Zb18AV8t tRWUwWyL1juCPvgOl6Alc8F74JtMORx10f 7ifvx30N6tsoGl1ABuIGg0uwC6L/LyRj3cx nF3vYmvDVRo16GN6Hnhj214nyaEo2DaGxw9 mCzJdGWJVrG1cHAFslcxCyPO3iP8xUQ7fwI t/Ck78UZ7VypXuPoaRVzYdMz+TYwi9Ep7nl fOt2XnFPbYT/bskMCyecl5t0Rl5K9Nm5/mZ 8735PTlmVexD7LQ9ZLjGz5m9CZ42mat70J b/M8Xh3PHVifOh/K085iaL65Ef5cpcn/VFY 42tstQf78qlB+Yv5hq/SIHtNTVOQ1+v+eDv BldVCTn/SLfuee5Q5ytdy31HR5yWAe0tiVs /8BqV5kUA==</latexit><latexit sha1_base 64="XYDWjSnHe/vb664WFbXwk1KEfnc=">A AAHqHiclVXbbtNAEJ22QNpya+GRl4i0CAGt koIEj5FSEA8gCjRNUVNVtrNJrfgS2ZuSYO U3eIXf4l944Mx4E5o4l9aWvbOzc87cdm274 7mxLhb/LC2v3Lh5K7e6tn77zt179zc2HxzF YTdyVNUJvTA6tq1YeW6gqtrVnjruRMrybU/ V7HaF12sXKordMDjU/Y469a1W4DZdx9JQ1e u+pc/tZqIGZ/pso1DcLcqVzwolIxTIXAfh 5kqF6tSgkBzqkk+KAtKQPbIoxn1CJSpSB7p TSqCLILmyrmhA68B2YaVgYUHbxruF2YnRBp gzZyxoB148PBGQedrG804YbVizVwU5xvgXz w/RtWZ6SISZI+xjtMG4Jowfodd0DotFSN9Y DmNZjOSsNDXpjWTjIr6OaDhPZ8Szj5UIura s5OmtWLbAYcv8AhUIMFYRAVd5yJCXjBsYL RmVsASG0QJfhJGrz/HMzq4FOwvac+lTj17I umM6G0vXGL0PTdpn9jPM/hOQShi0dCqBZQy piTlXrAd8ktFcj49lbeJxpRoD6UpWez1eT3 aPL2wf6CsdwnqYrS8VVGLPe1eb/Zb18AV8t tRWUwWyL1juCPvgOl6Alc8F74JtMORx10f 7ifvx30N6tsoGl1ABuIGg0uwC6L/LyRj3cx nF3vYmvDVRo16GN6Hnhj214nyaEo2DaGxw9 mCzJdGWJVrG1cHAFslcxCyPO3iP8xUQ7fwI t/Ck78UZ7VypXuPoaRVzYdMz+TYwi9Ep7nl fOt2XnFPbYT/bskMCyecl5t0Rl5K9Nm5/mZ 8735PTlmVexD7LQ9ZLjGz5m9CZ42mat70J b/M8Xh3PHVifOh/K085iaL65Ef5cpcn/VFY 42tstQf78qlB+Yv5hq/SIHtNTVOQ1+v+eDv BldVCTn/SLfuee5Q5ytdy31HR5yWAe0tiVs /8BqV5kUA==</latexit>
Figure 2: Modelling of temporal information in the in-
teraction parameters used as input to the IQ estimator.
are the distinct IQ values. The input consists
of domain-independent variables called interac-
tion parameters. These parameters incorporate in-
formation from the automatic speech recognition
(ASR) output and the preceding system action.
Most previous approaches used this information,
which is available at every turn, to compute tem-
poral features by taking sums, means or counts
from the turn-based information for a window of
the last 3 system-user-exchanges2 and the com-
plete dialogue (see Fig. 2). The baseline IQ esti-
mation approach as applied by Ultes et al. (2017a)
(and originating from Ultes et al. (2015)) used a
feature set of 16 parameters as shown in Table 1
with a support vector machine (SVM) (Vapnik,
1995; Chang and Lin, 2011).
The LEGO corpus (Schmitt et al., 2012) pro-
vides data for training and testing and consists of
200 dialogues (4,885 turns) from the Let’s Go bus
information system (Raux et al., 2006). There,
users with real needs were able to call the system
to get information about the bus schedule. Each
turn of these 200 dialogues has been annotated
with IQ (representing the quality of the dialogue
up to the current turn) by three experts. The final
IQ label has been assigned using the median of the
three individual labels.
Previous work has used the LEGO corpus with
2a system turn followed by a user turn
Table 1: The parameters used for IQ estimation ex-
tracted on the exchange level from each user input
plus counts, sums and rates for the whole dialogue
(#,%,Mean) and for a window of the last 3 turns ({·}).
Parameter Description
E
xc
ha
ng
e
le
ve
l
ASRRecognitionStatus ASR status: success, no
match, no input
ASRConfidence confidence of top ASR results
RePrompt? is the system question the
same as in the previous turn?
ActivityType general type of system action:
statement, question
Confirmation? is system action confirm?
D
ia
lo
gu
e
le
ve
l MeanASRConfidence mean ASR confidence if ASR
is success
#Exchanges number of exchanges (turns)
#ASRSuccess count of ASR status is success
%ASRSuccess rate of ASR status is success
#ASRRejections count of ASR status is reject
%ASRRejections rate of ASR status is reject
W
in
do
w
le
ve
l
{Mean}ASRConfidence mean ASR confidence if ASR
is success
{#}ASRSuccess count of ASR is success
{#}ASRRejections count of ASR status is reject
{#}RePrompts count of times RePromt? is
true
{#}SystemQuestions count of ActivityType is ques-
tion
a full IQ feature set (which includes additional
partly domain-related information) achieving an
unweighted average recall3 (UAR) of 0.55 using
ordinal regression (El Asri et al., 2014a), 0.53 us-
ing a two-level SVM approach (Ultes and Minker,
2013), and 0.51 using a hybrid-HMM (Ultes and
Minker, 2014). Human performance on the same
task is 0.69 UAR (Schmitt and Ultes, 2015). A
deep learning approach using only non-temporal
features achieved an UAR of 0.55 (Rach et al.,
2017).
3UAR is the arithmetic average of all class-wise recalls.
……
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attention
<latexit sha1_b ase64="NSg+J195rSwUHn+OjSfa// qlfNM=">AAAHpniclVXbbtNAEJ22Q Npya+GRl4i0qBK0SgISPFZKQTxwKd A0FU1FbWeTWvElsjchwepf8Ar/xb/ wwJnxpjRxLq0te2dn55y57dp2x3Nj XSz+WVhcunHzVm55ZfX2nbv37q+tP ziMw27kqKoTemF0ZFux8txAVbWrPX XUiZTl256q2e0Kr9d6KordMDjQg44 68a1W4DZdx9JQfa1bWquAxW9rheJO Ua58VigZoUDm2g/XlypUpwaF5FCXf FIUkIbskUUx7mMqUZE60J1QAl0EyZ V1Ree0CmwXVgoWFrRtvFuYHRttgDl zxoJ24MXDEwGZp008b4TRhjV7VZBj jH/x/BBda6qHRJg5wgFGG4wrwvgee k1nsJiH9I3lMJb5SM5KU5NeSTYu4u uIhvN0Lnj2sBJB15aVPL0WyxY4bJn 3UIEAYxURcJWHDHnJuIHRklEJS2AY LfBFGLn6HM/07Fqws6A9kz716ZmsO 6azsXSN0XvQpH1mP8PsPwKphEFLpx JYxpCamHPF+sAnGc31+FjWJh5XqnE uXclqr8frye7xhe0dfaEDWA+z9aWC Sux572qz37IePoPPltpqqkD2BcsdY R9cxx5Y+VzwLtgEQx53/WI/cT/+e0 jP1q7BJVQA7lxQaXYB9N/lZIz6uYx ib+Uxb03UqJ/hTeipYU+tOJ+mROMg GhucfdhsSLS7Ei3j6mBgi2QmYprHb bxH+QqIdnaEG3jS9/yMtq9Ur1H0pI q5sOmbfBuYxegU93wgnR5IzqntsJ9 t2SGB5PMc8+4Fl5K9Nmp/mZ8735fT lmWexz7NQ9ZLjGz5m9CZ4WmSt/KYt 1ker47nDqxOnA/lSWcxNN/cCH+u0v h/KisclndKkD+9KOw+Mf+wZXpEj2k LFXmJ/r+lfXxZHUT6k37R79xW7kOu mqulposLBvOQRq7c6T+J4WNw</lat exit><latexit sha1_b ase64="NSg+J195rSwUHn+OjSfa// qlfNM=">AAAHpniclVXbbtNAEJ22Q Npya+GRl4i0qBK0SgISPFZKQTxwKd A0FU1FbWeTWvElsjchwepf8Ar/xb/ wwJnxpjRxLq0te2dn55y57dp2x3Nj XSz+WVhcunHzVm55ZfX2nbv37q+tP ziMw27kqKoTemF0ZFux8txAVbWrPX XUiZTl256q2e0Kr9d6KordMDjQg44 68a1W4DZdx9JQfa1bWquAxW9rheJO Ua58VigZoUDm2g/XlypUpwaF5FCXf FIUkIbskUUx7mMqUZE60J1QAl0EyZ V1Ree0CmwXVgoWFrRtvFuYHRttgDl zxoJ24MXDEwGZp008b4TRhjV7VZBj jH/x/BBda6qHRJg5wgFGG4wrwvgee k1nsJiH9I3lMJb5SM5KU5NeSTYu4u uIhvN0Lnj2sBJB15aVPL0WyxY4bJn 3UIEAYxURcJWHDHnJuIHRklEJS2AY LfBFGLn6HM/07Fqws6A9kz716ZmsO 6azsXSN0XvQpH1mP8PsPwKphEFLpx JYxpCamHPF+sAnGc31+FjWJh5XqnE uXclqr8frye7xhe0dfaEDWA+z9aWC Sux572qz37IePoPPltpqqkD2BcsdY R9cxx5Y+VzwLtgEQx53/WI/cT/+e0 jP1q7BJVQA7lxQaXYB9N/lZIz6uYx ib+Uxb03UqJ/hTeipYU+tOJ+mROMg GhucfdhsSLS7Ei3j6mBgi2QmYprHb bxH+QqIdnaEG3jS9/yMtq9Ur1H0pI q5sOmbfBuYxegU93wgnR5IzqntsJ9 t2SGB5PMc8+4Fl5K9Nmp/mZ8735fT lmWexz7NQ9ZLjGz5m9CZ4WmSt/KYt 1ker47nDqxOnA/lSWcxNN/cCH+u0v h/KisclndKkD+9KOw+Mf+wZXpEj2k LFXmJ/r+lfXxZHUT6k37R79xW7kOu mqulposLBvOQRq7c6T+J4WNw</lat exit><latexit sha1_b ase64="NSg+J195rSwUHn+OjSfa// qlfNM=">AAAHpniclVXbbtNAEJ22Q Npya+GRl4i0qBK0SgISPFZKQTxwKd A0FU1FbWeTWvElsjchwepf8Ar/xb/ wwJnxpjRxLq0te2dn55y57dp2x3Nj XSz+WVhcunHzVm55ZfX2nbv37q+tP ziMw27kqKoTemF0ZFux8txAVbWrPX XUiZTl256q2e0Kr9d6KordMDjQg44 68a1W4DZdx9JQfa1bWquAxW9rheJO Ua58VigZoUDm2g/XlypUpwaF5FCXf FIUkIbskUUx7mMqUZE60J1QAl0EyZ V1Ree0CmwXVgoWFrRtvFuYHRttgDl zxoJ24MXDEwGZp008b4TRhjV7VZBj jH/x/BBda6qHRJg5wgFGG4wrwvgee k1nsJiH9I3lMJb5SM5KU5NeSTYu4u uIhvN0Lnj2sBJB15aVPL0WyxY4bJn 3UIEAYxURcJWHDHnJuIHRklEJS2AY LfBFGLn6HM/07Fqws6A9kz716ZmsO 6azsXSN0XvQpH1mP8PsPwKphEFLpx JYxpCamHPF+sAnGc31+FjWJh5XqnE uXclqr8frye7xhe0dfaEDWA+z9aWC Sux572qz37IePoPPltpqqkD2BcsdY R9cxx5Y+VzwLtgEQx53/WI/cT/+e0 jP1q7BJVQA7lxQaXYB9N/lZIz6uYx ib+Uxb03UqJ/hTeipYU+tOJ+mROMg GhucfdhsSLS7Ei3j6mBgi2QmYprHb bxH+QqIdnaEG3jS9/yMtq9Ur1H0pI q5sOmbfBuYxegU93wgnR5IzqntsJ9 t2SGB5PMc8+4Fl5K9Nmp/mZ8735fT lmWexz7NQ9ZLjGz5m9CZ4WmSt/KYt 1ker47nDqxOnA/lSWcxNN/cCH+u0v h/KisclndKkD+9KOw+Mf+wZXpEj2k LFXmJ/r+lfXxZHUT6k37R79xW7kOu mqulposLBvOQRq7c6T+J4WNw</lat exit><latexit sha1_b ase64="NSg+J195rSwUHn+OjSfa// qlfNM=">AAAHpniclVXbbtNAEJ22Q Npya+GRl4i0qBK0SgISPFZKQTxwKd A0FU1FbWeTWvElsjchwepf8Ar/xb/ wwJnxpjRxLq0te2dn55y57dp2x3Nj XSz+WVhcunHzVm55ZfX2nbv37q+tP ziMw27kqKoTemF0ZFux8txAVbWrPX XUiZTl256q2e0Kr9d6KordMDjQg44 68a1W4DZdx9JQfa1bWquAxW9rheJO Ua58VigZoUDm2g/XlypUpwaF5FCXf FIUkIbskUUx7mMqUZE60J1QAl0EyZ V1Ree0CmwXVgoWFrRtvFuYHRttgDl zxoJ24MXDEwGZp008b4TRhjV7VZBj jH/x/BBda6qHRJg5wgFGG4wrwvgee k1nsJiH9I3lMJb5SM5KU5NeSTYu4u uIhvN0Lnj2sBJB15aVPL0WyxY4bJn 3UIEAYxURcJWHDHnJuIHRklEJS2AY LfBFGLn6HM/07Fqws6A9kz716ZmsO 6azsXSN0XvQpH1mP8PsPwKphEFLpx JYxpCamHPF+sAnGc31+FjWJh5XqnE uXclqr8frye7xhe0dfaEDWA+z9aWC Sux572qz37IePoPPltpqqkD2BcsdY R9cxx5Y+VzwLtgEQx53/WI/cT/+e0 jP1q7BJVQA7lxQaXYB9N/lZIz6uYx ib+Uxb03UqJ/hTeipYU+tOJ+mROMg GhucfdhsSLS7Ei3j6mBgi2QmYprHb bxH+QqIdnaEG3jS9/yMtq9Ur1H0pI q5sOmbfBuYxegU93wgnR5IzqntsJ9 t2SGB5PMc8+4Fl5K9Nmp/mZ8735fT lmWexz7NQ9ZLjGz5m9CZ4WmSt/KYt 1ker47nDqxOnA/lSWcxNN/cCH+u0v h/KisclndKkD+9KOw+Mf+wZXpEj2k LFXmJ/r+lfXxZHUT6k37R79xW7kOu mqulposLBvOQRq7c6T+J4WNw</lat exit> ·<latexit sha1_base64="csy7Gs5 UZWaSyVtGePdHTbWldig=">AAAHoXiclVXbbtNAEJ22QNpwa+GRl4i0EhK 0SgISPEZKQSCBCKVpKzUVsp1NasWXyN6UBCvfwCt8Gv/CA2fGm9LEubS27 J2dnXPmtmvbPc+Ndan0Z2V17dbtO7n1jfzde/cfPNzcenQUh/3IUQ0n9ML oxLZi5bmBamhXe+qkFynLtz11bHdrvH58oaLYDYNDPeypM9/qBG7bdSwNV aPptEL9bbNY2ivJVcgKZSMUyVz1cGutRk1qUUgO9cknRQFpyB5ZFOM+pTK VqAfdGSXQRZBcWVc0ojywfVgpWFjQdvHuYHZqtAHmzBkL2oEXD08EZIF28 LwTRhvW7FVBjjH+xfNDdJ25HhJh5giHGG0wbgjjJ+g1ncNiGdI3luNYliM 5K01teiPZuIivJxrO07nk2cdKBF1XVgr0Viw74LBlfoEKBBgbiICrPGYoS MYtjJaMSlgCw2iBL8LI1ed45mfXgZ0F7bn0aUAvZN0xnY2la4zehybtM/s ZZ/8ZSCUMWjqVwDKG1MacKzYAPslobsbHsjbxuFKNkXQlq70Zrye7xxe2j /SVDmE9ztaXCiqx572rzX7LejgAny211VSD7AuWO8I+uI4XYOVzwbtgBww F3M3L/cT9+O8hPVtVg0uoCNxIUGl2AfTf5WRM+rmKYm+VKW9t1GiQ4U3ou WFPrTiftkTjIBobnAPYbEu0VYmWcU0wsEWyEDHP4y7ek3xFRLs4wm086Xt 5RrvXqtckelbFXNgMTL4tzGJ0ins+lE4PJefUdtzPruyQQPJ5iXn/kkvJX pu0v8rPnR/IacsyL2Of5yHrJUa2/E3oLfA0y1tlytsij9fHcwfyM+djedZ ZDM03N8Kfqzz9n8oKR5W9MuQvr4rVivmHrdMTekrPUJHX6P97quPL6sDfT /pFv3PF3IdcPXeQmq6uGMxjmrhyp/8A+NNhHg==</latexit><latexit sha1_base64="csy7Gs5 UZWaSyVtGePdHTbWldig=">AAAHoXiclVXbbtNAEJ22QNpwa+GRl4i0EhK 0SgISPEZKQSCBCKVpKzUVsp1NasWXyN6UBCvfwCt8Gv/CA2fGm9LEubS27 J2dnXPmtmvbPc+Ndan0Z2V17dbtO7n1jfzde/cfPNzcenQUh/3IUQ0n9ML oxLZi5bmBamhXe+qkFynLtz11bHdrvH58oaLYDYNDPeypM9/qBG7bdSwNV aPptEL9bbNY2ivJVcgKZSMUyVz1cGutRk1qUUgO9cknRQFpyB5ZFOM+pTK VqAfdGSXQRZBcWVc0ojywfVgpWFjQdvHuYHZqtAHmzBkL2oEXD08EZIF28 LwTRhvW7FVBjjH+xfNDdJ25HhJh5giHGG0wbgjjJ+g1ncNiGdI3luNYliM 5K01teiPZuIivJxrO07nk2cdKBF1XVgr0Viw74LBlfoEKBBgbiICrPGYoS MYtjJaMSlgCw2iBL8LI1ed45mfXgZ0F7bn0aUAvZN0xnY2la4zehybtM/s ZZ/8ZSCUMWjqVwDKG1MacKzYAPslobsbHsjbxuFKNkXQlq70Zrye7xxe2j /SVDmE9ztaXCiqx572rzX7LejgAny211VSD7AuWO8I+uI4XYOVzwbtgBww F3M3L/cT9+O8hPVtVg0uoCNxIUGl2AfTf5WRM+rmKYm+VKW9t1GiQ4U3ou WFPrTiftkTjIBobnAPYbEu0VYmWcU0wsEWyEDHP4y7ek3xFRLs4wm086Xt 5RrvXqtckelbFXNgMTL4tzGJ0ins+lE4PJefUdtzPruyQQPJ5iXn/kkvJX pu0v8rPnR/IacsyL2Of5yHrJUa2/E3oLfA0y1tlytsij9fHcwfyM+djedZ ZDM03N8Kfqzz9n8oKR5W9MuQvr4rVivmHrdMTekrPUJHX6P97quPL6sDfT /pFv3PF3IdcPXeQmq6uGMxjmrhyp/8A+NNhHg==</latexit><latexit sha1_base64="csy7Gs5 UZWaSyVtGePdHTbWldig=">AAAHoXiclVXbbtNAEJ22QNpwa+GRl4i0EhK 0SgISPEZKQSCBCKVpKzUVsp1NasWXyN6UBCvfwCt8Gv/CA2fGm9LEubS27 J2dnXPmtmvbPc+Ndan0Z2V17dbtO7n1jfzde/cfPNzcenQUh/3IUQ0n9ML oxLZi5bmBamhXe+qkFynLtz11bHdrvH58oaLYDYNDPeypM9/qBG7bdSwNV aPptEL9bbNY2ivJVcgKZSMUyVz1cGutRk1qUUgO9cknRQFpyB5ZFOM+pTK VqAfdGSXQRZBcWVc0ojywfVgpWFjQdvHuYHZqtAHmzBkL2oEXD08EZIF28 LwTRhvW7FVBjjH+xfNDdJ25HhJh5giHGG0wbgjjJ+g1ncNiGdI3luNYliM 5K01teiPZuIivJxrO07nk2cdKBF1XVgr0Viw74LBlfoEKBBgbiICrPGYoS MYtjJaMSlgCw2iBL8LI1ed45mfXgZ0F7bn0aUAvZN0xnY2la4zehybtM/s ZZ/8ZSCUMWjqVwDKG1MacKzYAPslobsbHsjbxuFKNkXQlq70Zrye7xxe2j /SVDmE9ztaXCiqx572rzX7LejgAny211VSD7AuWO8I+uI4XYOVzwbtgBww F3M3L/cT9+O8hPVtVg0uoCNxIUGl2AfTf5WRM+rmKYm+VKW9t1GiQ4U3ou WFPrTiftkTjIBobnAPYbEu0VYmWcU0wsEWyEDHP4y7ek3xFRLs4wm086Xt 5RrvXqtckelbFXNgMTL4tzGJ0ins+lE4PJefUdtzPruyQQPJ5iXn/kkvJX pu0v8rPnR/IacsyL2Of5yHrJUa2/E3oLfA0y1tlytsij9fHcwfyM+djedZ ZDM03N8Kfqzz9n8oKR5W9MuQvr4rVivmHrdMTekrPUJHX6P97quPL6sDfT /pFv3PF3IdcPXeQmq6uGMxjmrhyp/8A+NNhHg==</latexit><latexit sha1_base64="csy7Gs5 UZWaSyVtGePdHTbWldig=">AAAHoXiclVXbbtNAEJ22QNpwa+GRl4i0EhK 0SgISPEZKQSCBCKVpKzUVsp1NasWXyN6UBCvfwCt8Gv/CA2fGm9LEubS27 J2dnXPmtmvbPc+Ndan0Z2V17dbtO7n1jfzde/cfPNzcenQUh/3IUQ0n9ML oxLZi5bmBamhXe+qkFynLtz11bHdrvH58oaLYDYNDPeypM9/qBG7bdSwNV aPptEL9bbNY2ivJVcgKZSMUyVz1cGutRk1qUUgO9cknRQFpyB5ZFOM+pTK VqAfdGSXQRZBcWVc0ojywfVgpWFjQdvHuYHZqtAHmzBkL2oEXD08EZIF28 LwTRhvW7FVBjjH+xfNDdJ25HhJh5giHGG0wbgjjJ+g1ncNiGdI3luNYliM 5K01teiPZuIivJxrO07nk2cdKBF1XVgr0Viw74LBlfoEKBBgbiICrPGYoS MYtjJaMSlgCw2iBL8LI1ed45mfXgZ0F7bn0aUAvZN0xnY2la4zehybtM/s ZZ/8ZSCUMWjqVwDKG1MacKzYAPslobsbHsjbxuFKNkXQlq70Zrye7xxe2j /SVDmE9ztaXCiqx572rzX7LejgAny211VSD7AuWO8I+uI4XYOVzwbtgBww F3M3L/cT9+O8hPVtVg0uoCNxIUGl2AfTf5WRM+rmKYm+VKW9t1GiQ4U3ou WFPrTiftkTjIBobnAPYbEu0VYmWcU0wsEWyEDHP4y7ek3xFRLs4wm086Xt 5RrvXqtckelbFXNgMTL4tzGJ0ins+lE4PJefUdtzPruyQQPJ5iXn/kkvJX pu0v8rPnR/IacsyL2Of5yHrJUa2/E3oLfA0y1tlytsij9fHcwfyM+djedZ ZDM03N8Kfqzz9n8oKR5W9MuQvr4rVivmHrdMTekrPUJHX6P97quPL6sDfT /pFv3PF3IdcPXeQmq6uGMxjmrhyp/8A+NNhHg==</latexit>
~ht
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~h1
<latexit  sha1_base64=" pBqKXot9+qet8pc HYFe8/EBh7Rk=" >AAAHsHiclVXbbt NAEJ22QNpya8sj LxFpERK0SgISPFZ qQTyAKNCb1FSR7 WwSE18iexMSrPwK r/BL/AsPnBlvQh Pn0tqyd3Z2zpnbr m23PTfWxeKfpeW VW7fv5FbX1u/eu/ /g4cbm1mkcdiJH nTihF0bnthUrzw3 UiXa1p87bkbJ82 1NnduuA18+6Kord MDjW/ba69K1G4N Zdx9JQVTe2Ko7qJ hXf0k27njQHg2q pulEo7hXlymeFkh EKZK6jcHPlgCpU o5Ac6pBPigLSkD2 yKMZ9QSUqUhu6S 0qgiyC5sq5oQOvA dmClYGFB28K7gd mF0QaYM2csaAdeP DwRkHnawfNOGG1 Ys1cFOcb4F88P0T VmekiEmSPsY7TB uCaMH6HX1ITFIqR vLIexLEZyVprq9 EaycRFfWzScpzPi OcRKBF1LVvL0Vi wb4LBl3kUFAowni ICrPGTIS8Y1jJa MSlgCw2iBL8LI1e d4ZmfXgJ0FbVP6 1KMXsu6YzsbSNUY fQpP2mf0Ms/8Ep BIGLZ1KYBlDqmPO FesBn2Q0N+NjWZ t4XKnGQLqS1d6M1 5Pd4wvbB/pKx7A eZutLBZXY897VZr 9lPXwBny211XQA 2Rcsd4R9cB27YOV zwbtgBwx53JXRf uJ+/PeQnq19g0uo ANxAUGl2AfTf5W SM+7mKYm/lCW911 KiX4U3ouWFPrTi fukTjIBobnD3YbE u0+xIt4ypgYItk LmKWx128x/kKiHZ +hNt40vfijHavV a9x9LSKubDpmXxr mMXoFPe8L53uS8 6p7bCfLdkhgeTzE vPOiEvJXhu3v8r Pne/JacsyL2Kf5S HrJUa2/E1oz/E0 zVt5wts8j9fHcwf Wp86H8rSzGJpvb oQ/V2nyP5UVTst7 JcifXxX2n5p/2C o9pif0DBV5jf6/p yN8Wfm795N+0e9 cOXeeq+as1HR5yW Ae0diV+/YPug1n Dw==</latexit><latexit  sha1_base64=" pBqKXot9+qet8pc HYFe8/EBh7Rk=" >AAAHsHiclVXbbt NAEJ22QNpya8sj LxFpERK0SgISPFZ qQTyAKNCb1FSR7 WwSE18iexMSrPwK r/BL/AsPnBlvQh Pn0tqyd3Z2zpnbr m23PTfWxeKfpeW VW7fv5FbX1u/eu/ /g4cbm1mkcdiJH nTihF0bnthUrzw3 UiXa1p87bkbJ82 1NnduuA18+6Kord MDjW/ba69K1G4N Zdx9JQVTe2Ko7qJ hXf0k27njQHg2q pulEo7hXlymeFkh EKZK6jcHPlgCpU o5Ac6pBPigLSkD2 yKMZ9QSUqUhu6S 0qgiyC5sq5oQOvA dmClYGFB28K7gd mF0QaYM2csaAdeP DwRkHnawfNOGG1 Ys1cFOcb4F88P0T VmekiEmSPsY7TB uCaMH6HX1ITFIqR vLIexLEZyVprq9 EaycRFfWzScpzPi OcRKBF1LVvL0Vi wb4LBl3kUFAowni ICrPGTIS8Y1jJa MSlgCw2iBL8LI1e d4ZmfXgJ0FbVP6 1KMXsu6YzsbSNUY fQpP2mf0Ms/8Ep BIGLZ1KYBlDqmPO FesBn2Q0N+NjWZ t4XKnGQLqS1d6M1 5Pd4wvbB/pKx7A eZutLBZXY897VZr 9lPXwBny211XQA 2Rcsd4R9cB27YOV zwbtgBwx53JXRf uJ+/PeQnq19g0uo ANxAUGl2AfTf5W SM+7mKYm/lCW911 KiX4U3ouWFPrTi fukTjIBobnD3YbE u0+xIt4ypgYItk LmKWx128x/kKiHZ +hNt40vfijHavV a9x9LSKubDpmXxr mMXoFPe8L53uS8 6p7bCfLdkhgeTzE vPOiEvJXhu3v8r Pne/JacsyL2Kf5S HrJUa2/E1oz/E0 zVt5wts8j9fHcwf Wp86H8rSzGJpvb oQ/V2nyP5UVTst7 JcifXxX2n5p/2C o9pif0DBV5jf6/p yN8Wfm795N+0e9 cOXeeq+as1HR5yW Ae0diV+/YPug1n Dw==</latexit><latexit  sha1_base64=" pBqKXot9+qet8pc HYFe8/EBh7Rk=" >AAAHsHiclVXbbt NAEJ22QNpya8sj LxFpERK0SgISPFZ qQTyAKNCb1FSR7 WwSE18iexMSrPwK r/BL/AsPnBlvQh Pn0tqyd3Z2zpnbr m23PTfWxeKfpeW VW7fv5FbX1u/eu/ /g4cbm1mkcdiJH nTihF0bnthUrzw3 UiXa1p87bkbJ82 1NnduuA18+6Kord MDjW/ba69K1G4N Zdx9JQVTe2Ko7qJ hXf0k27njQHg2q pulEo7hXlymeFkh EKZK6jcHPlgCpU o5Ac6pBPigLSkD2 yKMZ9QSUqUhu6S 0qgiyC5sq5oQOvA dmClYGFB28K7gd mF0QaYM2csaAdeP DwRkHnawfNOGG1 Ys1cFOcb4F88P0T VmekiEmSPsY7TB uCaMH6HX1ITFIqR vLIexLEZyVprq9 EaycRFfWzScpzPi OcRKBF1LVvL0Vi wb4LBl3kUFAowni ICrPGTIS8Y1jJa MSlgCw2iBL8LI1e d4ZmfXgJ0FbVP6 1KMXsu6YzsbSNUY fQpP2mf0Ms/8Ep BIGLZ1KYBlDqmPO FesBn2Q0N+NjWZ t4XKnGQLqS1d6M1 5Pd4wvbB/pKx7A eZutLBZXY897VZr 9lPXwBny211XQA 2Rcsd4R9cB27YOV zwbtgBwx53JXRf uJ+/PeQnq19g0uo ANxAUGl2AfTf5W SM+7mKYm/lCW911 KiX4U3ouWFPrTi fukTjIBobnD3YbE u0+xIt4ypgYItk LmKWx128x/kKiHZ +hNt40vfijHavV a9x9LSKubDpmXxr mMXoFPe8L53uS8 6p7bCfLdkhgeTzE vPOiEvJXhu3v8r Pne/JacsyL2Kf5S HrJUa2/E1oz/E0 zVt5wts8j9fHcwf Wp86H8rSzGJpvb oQ/V2nyP5UVTst7 JcifXxX2n5p/2C o9pif0DBV5jf6/p yN8Wfm795N+0e9 cOXeeq+as1HR5yW Ae0diV+/YPug1n Dw==</latexit><latexit  sha1_base64=" pBqKXot9+qet8pc HYFe8/EBh7Rk=" >AAAHsHiclVXbbt NAEJ22QNpya8sj LxFpERK0SgISPFZ qQTyAKNCb1FSR7 WwSE18iexMSrPwK r/BL/AsPnBlvQh Pn0tqyd3Z2zpnbr m23PTfWxeKfpeW VW7fv5FbX1u/eu/ /g4cbm1mkcdiJH nTihF0bnthUrzw3 UiXa1p87bkbJ82 1NnduuA18+6Kord MDjW/ba69K1G4N Zdx9JQVTe2Ko7qJ hXf0k27njQHg2q pulEo7hXlymeFkh EKZK6jcHPlgCpU o5Ac6pBPigLSkD2 yKMZ9QSUqUhu6S 0qgiyC5sq5oQOvA dmClYGFB28K7gd mF0QaYM2csaAdeP DwRkHnawfNOGG1 Ys1cFOcb4F88P0T VmekiEmSPsY7TB uCaMH6HX1ITFIqR vLIexLEZyVprq9 EaycRFfWzScpzPi OcRKBF1LVvL0Vi wb4LBl3kUFAowni ICrPGTIS8Y1jJa MSlgCw2iBL8LI1e d4ZmfXgJ0FbVP6 1KMXsu6YzsbSNUY fQpP2mf0Ms/8Ep BIGLZ1KYBlDqmPO FesBn2Q0N+NjWZ t4XKnGQLqS1d6M1 5Pd4wvbB/pKx7A eZutLBZXY897VZr 9lPXwBny211XQA 2Rcsd4R9cB27YOV zwbtgBwx53JXRf uJ+/PeQnq19g0uo ANxAUGl2AfTf5W SM+7mKYm/lCW911 KiX4U3ouWFPrTi fukTjIBobnD3YbE u0+xIt4ypgYItk LmKWx128x/kKiHZ +hNt40vfijHavV a9x9LSKubDpmXxr mMXoFPe8L53uS8 6p7bCfLdkhgeTzE vPOiEvJXhu3v8r Pne/JacsyL2Kf5S HrJUa2/E1oz/E0 zVt5wts8j9fHcwf Wp86H8rSzGJpvb oQ/V2nyP5UVTst7 JcifXxX2n5p/2C o9pif0DBV5jf6/p yN8Wfm795N+0e9 cOXeeq+as1HR5yW Ae0diV+/YPug1n Dw==</latexit>
~h2
<latexit sha1_b ase64="YyNceqUBClnsydXvRj0M4r GU6oU=">AAAHsHiclVXbbtNAEJ22Q Npya8sjLxFpERK0SgISPFZqQTyAKN Cb1FSR7WwSE18iexMSrPwKr/BL/As PnBlvQhPn0tqyd3Z2zpnbrm23PTfW xeKfpeWVW7fv5FbX1u/eu//g4cbm1 mkcdiJHnTihF0bnthUrzw3UiXa1p8 7bkbJ821NnduuA18+6KordMDjW/ba 69K1G4NZdx9JQVTe2Ko7qJhXf0k27 njQHg2q5ulEo7hXlymeFkhEKZK6jc HPlgCpUo5Ac6pBPigLSkD2yKMZ9QS UqUhu6S0qgiyC5sq5oQOvAdmClYGF B28K7gdmF0QaYM2csaAdePDwRkHna wfNOGG1Ys1cFOcb4F88P0TVmekiEm SPsY7TBuCaMH6HX1ITFIqRvLIexLE ZyVprq9EaycRFfWzScpzPiOcRKBF1 LVvL0Viwb4LBl3kUFAowniICrPGTI S8Y1jJaMSlgCw2iBL8LI1ed4ZmfXg J0FbVP61KMXsu6YzsbSNUYfQpP2mf 0Ms/8EpBIGLZ1KYBlDqmPOFesBn2Q 0N+NjWZt4XKnGQLqS1d6M15Pd4wvb B/pKx7AeZutLBZXY897VZr9lPXwBn y211XQA2Rcsd4R9cB27YOVzwbtgBw x53JXRfuJ+/PeQnq19g0uoANxAUGl 2AfTf5WSM+7mKYm/lCW911KiX4U3o uWFPrTifukTjIBobnD3YbEu0+xIt4 ypgYItkLmKWx128x/kKiHZ+hNt40v fijHavVa9x9LSKubDpmXxrmMXoFPe 8L53uS86p7bCfLdkhgeTzEvPOiEvJ Xhu3v8rPne/JacsyL2Kf5SHrJUa2/ E1oz/E0zVt5wts8j9fHcwfWp86H8r SzGJpvboQ/V2nyP5UVTst7JcifXxX 2n5p/2Co9pif0DBV5jf6/pyN8Wfm7 95N+0e9cOXeeq+as1HR5yWAe0diV+ /YPwUZnEA==</latexit><latexit sha1_b ase64="YyNceqUBClnsydXvRj0M4r GU6oU=">AAAHsHiclVXbbtNAEJ22Q Npya8sjLxFpERK0SgISPFZqQTyAKN Cb1FSR7WwSE18iexMSrPwKr/BL/As PnBlvQhPn0tqyd3Z2zpnbrm23PTfW xeKfpeWVW7fv5FbX1u/eu//g4cbm1 mkcdiJHnTihF0bnthUrzw3UiXa1p8 7bkbJ821NnduuA18+6KordMDjW/ba 69K1G4NZdx9JQVTe2Ko7qJhXf0k27 njQHg2q5ulEo7hXlymeFkhEKZK6jc HPlgCpUo5Ac6pBPigLSkD2yKMZ9QS UqUhu6S0qgiyC5sq5oQOvAdmClYGF B28K7gdmF0QaYM2csaAdePDwRkHna wfNOGG1Ys1cFOcb4F88P0TVmekiEm SPsY7TBuCaMH6HX1ITFIqRvLIexLE ZyVprq9EaycRFfWzScpzPiOcRKBF1 LVvL0Viwb4LBl3kUFAowniICrPGTI S8Y1jJaMSlgCw2iBL8LI1ed4ZmfXg J0FbVP61KMXsu6YzsbSNUYfQpP2mf 0Ms/8EpBIGLZ1KYBlDqmPOFesBn2Q 0N+NjWZt4XKnGQLqS1d6M15Pd4wvb B/pKx7AeZutLBZXY897VZr9lPXwBn y211XQA2Rcsd4R9cB27YOVzwbtgBw x53JXRfuJ+/PeQnq19g0uoANxAUGl 2AfTf5WSM+7mKYm/lCW911KiX4U3o uWFPrTifukTjIBobnD3YbEu0+xIt4 ypgYItkLmKWx128x/kKiHZ+hNt40v fijHavVa9x9LSKubDpmXxrmMXoFPe 8L53uS86p7bCfLdkhgeTzEvPOiEvJ Xhu3v8rPne/JacsyL2Kf5SHrJUa2/ E1oz/E0zVt5wts8j9fHcwfWp86H8r SzGJpvboQ/V2nyP5UVTst7JcifXxX 2n5p/2Co9pif0DBV5jf6/pyN8Wfm7 95N+0e9cOXeeq+as1HR5yWAe0diV+ /YPwUZnEA==</latexit><latexit sha1_b ase64="YyNceqUBClnsydXvRj0M4r GU6oU=">AAAHsHiclVXbbtNAEJ22Q Npya8sjLxFpERK0SgISPFZqQTyAKN Cb1FSR7WwSE18iexMSrPwKr/BL/As PnBlvQhPn0tqyd3Z2zpnbrm23PTfW xeKfpeWVW7fv5FbX1u/eu//g4cbm1 mkcdiJHnTihF0bnthUrzw3UiXa1p8 7bkbJ821NnduuA18+6KordMDjW/ba 69K1G4NZdx9JQVTe2Ko7qJhXf0k27 njQHg2q5ulEo7hXlymeFkhEKZK6jc HPlgCpUo5Ac6pBPigLSkD2yKMZ9QS UqUhu6S0qgiyC5sq5oQOvAdmClYGF B28K7gdmF0QaYM2csaAdePDwRkHna wfNOGG1Ys1cFOcb4F88P0TVmekiEm SPsY7TBuCaMH6HX1ITFIqRvLIexLE ZyVprq9EaycRFfWzScpzPiOcRKBF1 LVvL0Viwb4LBl3kUFAowniICrPGTI S8Y1jJaMSlgCw2iBL8LI1ed4ZmfXg J0FbVP61KMXsu6YzsbSNUYfQpP2mf 0Ms/8EpBIGLZ1KYBlDqmPOFesBn2Q 0N+NjWZt4XKnGQLqS1d6M15Pd4wvb B/pKx7AeZutLBZXY897VZr9lPXwBn y211XQA2Rcsd4R9cB27YOVzwbtgBw x53JXRfuJ+/PeQnq19g0uoANxAUGl 2AfTf5WSM+7mKYm/lCW911KiX4U3o uWFPrTifukTjIBobnD3YbEu0+xIt4 ypgYItkLmKWx128x/kKiHZ+hNt40v fijHavVa9x9LSKubDpmXxrmMXoFPe 8L53uS86p7bCfLdkhgeTzEvPOiEvJ Xhu3v8rPne/JacsyL2Kf5SHrJUa2/ E1oz/E0zVt5wts8j9fHcwfWp86H8r SzGJpvboQ/V2nyP5UVTst7JcifXxX 2n5p/2Co9pif0DBV5jf6/pyN8Wfm7 95N+0e9cOXeeq+as1HR5yWAe0diV+ /YPwUZnEA==</latexit><latexit sha1_b ase64="YyNceqUBClnsydXvRj0M4r GU6oU=">AAAHsHiclVXbbtNAEJ22Q Npya8sjLxFpERK0SgISPFZqQTyAKN Cb1FSR7WwSE18iexMSrPwKr/BL/As PnBlvQhPn0tqyd3Z2zpnbrm23PTfW xeKfpeWVW7fv5FbX1u/eu//g4cbm1 mkcdiJHnTihF0bnthUrzw3UiXa1p8 7bkbJ821NnduuA18+6KordMDjW/ba 69K1G4NZdx9JQVTe2Ko7qJhXf0k27 njQHg2q5ulEo7hXlymeFkhEKZK6jc HPlgCpUo5Ac6pBPigLSkD2yKMZ9QS UqUhu6S0qgiyC5sq5oQOvAdmClYGF B28K7gdmF0QaYM2csaAdePDwRkHna wfNOGG1Ys1cFOcb4F88P0TVmekiEm SPsY7TBuCaMH6HX1ITFIqRvLIexLE ZyVprq9EaycRFfWzScpzPiOcRKBF1 LVvL0Viwb4LBl3kUFAowniICrPGTI S8Y1jJaMSlgCw2iBL8LI1ed4ZmfXg J0FbVP61KMXsu6YzsbSNUYfQpP2mf 0Ms/8EpBIGLZ1KYBlDqmPOFesBn2Q 0N+NjWZt4XKnGQLqS1d6M15Pd4wvb B/pKx7AeZutLBZXY897VZr9lPXwBn y211XQA2Rcsd4R9cB27YOVzwbtgBw x53JXRfuJ+/PeQnq19g0uoANxAUGl 2AfTf5WSM+7mKYm/lCW911KiX4U3o uWFPrTifukTjIBobnD3YbEu0+xIt4 ypgYItkLmKWx128x/kKiHZ+hNt40v fijHavVa9x9LSKubDpmXxrmMXoFPe 8L53uS86p7bCfLdkhgeTzEvPOiEvJ Xhu3v8rPne/JacsyL2Kf5SHrJUa2/ E1oz/E0zVt5wts8j9fHcwfWp86H8r SzGJpvboQ/V2nyP5UVTst7JcifXxX 2n5p/2Co9pif0DBV5jf6/pyN8Wfm7 95N+0e9cOXeeq+as1HR5yWAe0diV+ /YPwUZnEA==</latexit>
~ht
<latexit sha1_b ase64="fjSkHt3n88x0XZEZyeYbOK 6LyrU=">AAAHsHiclVXbbtNAEJ22Q Npya8sjLxFpERK0SgISPFZqQTyAKN Cb1FSR7WwSE18iexMSrPwKr/BL/As PnBlvQhPn0tqyd3Z2zpnbrm23PTfW xeKfpeWVW7fv5FbX1u/eu//g4cbm1 mkcdiJHnTihF0bnthUrzw3UiXa1p8 7bkbJ821NnduuA18+6KordMDjW/ba 69K1G4NZdx9JQVTe2Ko7qJhXf0k27 njQHg6qubhSKe0W58lmhZIQCmeso3 Fw5oArVKCSHOuSTooA0ZI8sinFfUI mK1IbukhLoIkiurCsa0DqwHVgpWFj QtvBuYHZhtAHmzBkL2oEXD08EZJ52 8LwTRhvW7FVBjjH+xfNDdI2ZHhJh5 gj7GG0wrgnjR+g1NWGxCOkby2Esi5 GclaY6vZFsXMTXFg3n6Yx4DrESQde SlTy9FcsGOGyZd1GBAOMJIuAqDxny knENoyWjEpbAMFrgizBy9Tme2dk1Y GdB25Q+9eiFrDums7F0jdGH0KR9Zj /D7D8BqYRBS6cSWMaQ6phzxXrAJxn NzfhY1iYeV6oxkK5ktTfj9WT3+ML2 gb7SMayH2fpSQSX2vHe12W9ZD1/AZ 0ttNR1A9gXLHWEfXMcuWPlc8C7YAU Med2W0n7gf/z2kZ2vf4BIqADcQVJp dAP13ORnjfq6i2Ft5wlsdNepleBN6 bthTK86nLtE4iMYGZw822xLtvkTLu AoY2CKZi5jlcRfvcb4Cop0f4Tae9L 04o91r1WscPa1iLmx6Jt8aZjE6xT3 vS6f7knNqO+xnS3ZIIPm8xLwz4lKy 18btr/Jz53ty2rLMi9hnech6iZEtf xPaczxN81ae8DbP4/Xx3IH1qfOhPO 0shuabG+HPVZr8T2WF0/JeCfLnV4X 9p+YftkqP6Qk9Q0Veo//v6QhfVv7u /aRf9DtXzp3nqjkrNV1eMphHNHblv v0DnhZnUg==</latexit><latexit sha1_b ase64="fjSkHt3n88x0XZEZyeYbOK 6LyrU=">AAAHsHiclVXbbtNAEJ22Q Npya8sjLxFpERK0SgISPFZqQTyAKN Cb1FSR7WwSE18iexMSrPwKr/BL/As PnBlvQhPn0tqyd3Z2zpnbrm23PTfW xeKfpeWVW7fv5FbX1u/eu//g4cbm1 mkcdiJHnTihF0bnthUrzw3UiXa1p8 7bkbJ821NnduuA18+6KordMDjW/ba 69K1G4NZdx9JQVTe2Ko7qJhXf0k27 njQHg6qubhSKe0W58lmhZIQCmeso3 Fw5oArVKCSHOuSTooA0ZI8sinFfUI mK1IbukhLoIkiurCsa0DqwHVgpWFj QtvBuYHZhtAHmzBkL2oEXD08EZJ52 8LwTRhvW7FVBjjH+xfNDdI2ZHhJh5 gj7GG0wrgnjR+g1NWGxCOkby2Esi5 GclaY6vZFsXMTXFg3n6Yx4DrESQde SlTy9FcsGOGyZd1GBAOMJIuAqDxny knENoyWjEpbAMFrgizBy9Tme2dk1Y GdB25Q+9eiFrDums7F0jdGH0KR9Zj /D7D8BqYRBS6cSWMaQ6phzxXrAJxn NzfhY1iYeV6oxkK5ktTfj9WT3+ML2 gb7SMayH2fpSQSX2vHe12W9ZD1/AZ 0ttNR1A9gXLHWEfXMcuWPlc8C7YAU Med2W0n7gf/z2kZ2vf4BIqADcQVJp dAP13ORnjfq6i2Ft5wlsdNepleBN6 bthTK86nLtE4iMYGZw822xLtvkTLu AoY2CKZi5jlcRfvcb4Cop0f4Tae9L 04o91r1WscPa1iLmx6Jt8aZjE6xT3 vS6f7knNqO+xnS3ZIIPm8xLwz4lKy 18btr/Jz53ty2rLMi9hnech6iZEtf xPaczxN81ae8DbP4/Xx3IH1qfOhPO 0shuabG+HPVZr8T2WF0/JeCfLnV4X 9p+YftkqP6Qk9Q0Veo//v6QhfVv7u /aRf9DtXzp3nqjkrNV1eMphHNHblv v0DnhZnUg==</latexit><latexit sha1_b ase64="fjSkHt3n88x0XZEZyeYbOK 6LyrU=">AAAHsHiclVXbbtNAEJ22Q Npya8sjLxFpERK0SgISPFZqQTyAKN Cb1FSR7WwSE18iexMSrPwKr/BL/As PnBlvQhPn0tqyd3Z2zpnbrm23PTfW xeKfpeWVW7fv5FbX1u/eu//g4cbm1 mkcdiJHnTihF0bnthUrzw3UiXa1p8 7bkbJ821NnduuA18+6KordMDjW/ba 69K1G4NZdx9JQVTe2Ko7qJhXf0k27 njQHg6qubhSKe0W58lmhZIQCmeso3 Fw5oArVKCSHOuSTooA0ZI8sinFfUI mK1IbukhLoIkiurCsa0DqwHVgpWFj QtvBuYHZhtAHmzBkL2oEXD08EZJ52 8LwTRhvW7FVBjjH+xfNDdI2ZHhJh5 gj7GG0wrgnjR+g1NWGxCOkby2Esi5 GclaY6vZFsXMTXFg3n6Yx4DrESQde SlTy9FcsGOGyZd1GBAOMJIuAqDxny knENoyWjEpbAMFrgizBy9Tme2dk1Y GdB25Q+9eiFrDums7F0jdGH0KR9Zj /D7D8BqYRBS6cSWMaQ6phzxXrAJxn NzfhY1iYeV6oxkK5ktTfj9WT3+ML2 gb7SMayH2fpSQSX2vHe12W9ZD1/AZ 0ttNR1A9gXLHWEfXMcuWPlc8C7YAU Med2W0n7gf/z2kZ2vf4BIqADcQVJp dAP13ORnjfq6i2Ft5wlsdNepleBN6 bthTK86nLtE4iMYGZw822xLtvkTLu AoY2CKZi5jlcRfvcb4Cop0f4Tae9L 04o91r1WscPa1iLmx6Jt8aZjE6xT3 vS6f7knNqO+xnS3ZIIPm8xLwz4lKy 18btr/Jz53ty2rLMi9hnech6iZEtf xPaczxN81ae8DbP4/Xx3IH1qfOhPO 0shuabG+HPVZr8T2WF0/JeCfLnV4X 9p+YftkqP6Qk9Q0Veo//v6QhfVv7u /aRf9DtXzp3nqjkrNV1eMphHNHblv v0DnhZnUg==</latexit><latexit sha1_b ase64="fjSkHt3n88x0XZEZyeYbOK 6LyrU=">AAAHsHiclVXbbtNAEJ22Q Npya8sjLxFpERK0SgISPFZqQTyAKN Cb1FSR7WwSE18iexMSrPwKr/BL/As PnBlvQhPn0tqyd3Z2zpnbrm23PTfW xeKfpeWVW7fv5FbX1u/eu//g4cbm1 mkcdiJHnTihF0bnthUrzw3UiXa1p8 7bkbJ821NnduuA18+6KordMDjW/ba 69K1G4NZdx9JQVTe2Ko7qJhXf0k27 njQHg6qubhSKe0W58lmhZIQCmeso3 Fw5oArVKCSHOuSTooA0ZI8sinFfUI mK1IbukhLoIkiurCsa0DqwHVgpWFj QtvBuYHZhtAHmzBkL2oEXD08EZJ52 8LwTRhvW7FVBjjH+xfNDdI2ZHhJh5 gj7GG0wrgnjR+g1NWGxCOkby2Esi5 GclaY6vZFsXMTXFg3n6Yx4DrESQde SlTy9FcsGOGyZd1GBAOMJIuAqDxny knENoyWjEpbAMFrgizBy9Tme2dk1Y GdB25Q+9eiFrDums7F0jdGH0KR9Zj /D7D8BqYRBS6cSWMaQ6phzxXrAJxn NzfhY1iYeV6oxkK5ktTfj9WT3+ML2 gb7SMayH2fpSQSX2vHe12W9ZD1/AZ 0ttNR1A9gXLHWEfXMcuWPlc8C7YAU Med2W0n7gf/z2kZ2vf4BIqADcQVJp dAP13ORnjfq6i2Ft5wlsdNepleBN6 bthTK86nLtE4iMYGZw822xLtvkTLu AoY2CKZi5jlcRfvcb4Cop0f4Tae9L 04o91r1WscPa1iLmx6Jt8aZjE6xT3 vS6f7knNqO+xnS3ZIIPm8xLwz4lKy 18btr/Jz53ty2rLMi9hnech6iZEtf xPaczxN81ae8DbP4/Xx3IH1qfOhPO 0shuabG+HPVZr8T2WF0/JeCfLnV4X 9p+YftkqP6Qk9Q0Veo//v6QhfVv7u /aRf9DtXzp3nqjkrNV1eMphHNHblv v0DnhZnUg==</latexit>
et
<latexit sha1_b ase64="XYDWjSnHe/vb664WFbXwk1 KEfnc=">AAAHqHiclVXbbtNAEJ22Q Npya+GRl4i0CAGtkoIEj5FSEA8gCj RNUVNVtrNJrfgS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOzc87cdm2747mx Lhb/LC2v3Lh5K7e6tn77zt179zc2H xzFYTdyVNUJvTA6tq1YeW6gqtrVnj ruRMrybU/V7HaF12sXKordMDjU/Y4 69a1W4DZdx9JQ1eu+pc/tZqIGZ/ps o1DcLcqVzwolIxTIXAfh5kqF6tSgk Bzqkk+KAtKQPbIoxn1CJSpSB7pTSq CLILmyrmhA68B2YaVgYUHbxruF2Yn RBpgzZyxoB148PBGQedrG804YbViz VwU5xvgXzw/RtWZ6SISZI+xjtMG4J owfodd0DotFSN9YDmNZjOSsNDXpjW TjIr6OaDhPZ8Szj5UIuras5OmtWLb AYcv8AhUIMFYRAVd5yJCXjBsYLRmV sASG0QJfhJGrz/HMzq4FOwvac+lTj 17IumM6G0vXGL0PTdpn9jPM/hOQSh i0dCqBZQypiTlXrAd8ktFcj49lbeJ xpRoD6UpWez1eT3aPL2wf6CsdwnqY rS8VVGLPe1eb/Zb18AV8ttRWUwWyL 1juCPvgOl6Alc8F74JtMORx10f7if vx30N6tsoGl1ABuIGg0uwC6L/LyRj 3cxnF3vYmvDVRo16GN6Hnhj214nya Eo2DaGxw9mCzJdGWJVrG1cHAFslcx CyPO3iP8xUQ7fwIt/Ck78UZ7VypXu PoaRVzYdMz+TYwi9Ep7nlfOt2XnFP bYT/bskMCyecl5t0Rl5K9Nm5/mZ87 35PTlmVexD7LQ9ZLjGz5m9CZ42mat 70Jb/M8Xh3PHVifOh/K085iaL65Ef 5cpcn/VFY42tstQf78qlB+Yv5hq/S IHtNTVOQ1+v+eDvBldVCTn/SLfuee 5Q5ytdy31HR5yWAe0tiVs/8BqV5kU A==</latexit><latexit sha1_b ase64="XYDWjSnHe/vb664WFbXwk1 KEfnc=">AAAHqHiclVXbbtNAEJ22Q Npya+GRl4i0CAGtkoIEj5FSEA8gCj RNUVNVtrNJrfgS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOzc87cdm2747mx Lhb/LC2v3Lh5K7e6tn77zt179zc2H xzFYTdyVNUJvTA6tq1YeW6gqtrVnj ruRMrybU/V7HaF12sXKordMDjU/Y4 69a1W4DZdx9JQ1eu+pc/tZqIGZ/ps o1DcLcqVzwolIxTIXAfh5kqF6tSgk Bzqkk+KAtKQPbIoxn1CJSpSB7pTSq CLILmyrmhA68B2YaVgYUHbxruF2Yn RBpgzZyxoB148PBGQedrG804YbViz VwU5xvgXzw/RtWZ6SISZI+xjtMG4J owfodd0DotFSN9YDmNZjOSsNDXpjW TjIr6OaDhPZ8Szj5UIuras5OmtWLb AYcv8AhUIMFYRAVd5yJCXjBsYLRmV sASG0QJfhJGrz/HMzq4FOwvac+lTj 17IumM6G0vXGL0PTdpn9jPM/hOQSh i0dCqBZQypiTlXrAd8ktFcj49lbeJ xpRoD6UpWez1eT3aPL2wf6CsdwnqY rS8VVGLPe1eb/Zb18AV8ttRWUwWyL 1juCPvgOl6Alc8F74JtMORx10f7if vx30N6tsoGl1ABuIGg0uwC6L/LyRj 3cxnF3vYmvDVRo16GN6Hnhj214nya Eo2DaGxw9mCzJdGWJVrG1cHAFslcx CyPO3iP8xUQ7fwIt/Ck78UZ7VypXu PoaRVzYdMz+TYwi9Ep7nlfOt2XnFP bYT/bskMCyecl5t0Rl5K9Nm5/mZ87 35PTlmVexD7LQ9ZLjGz5m9CZ42mat 70Jb/M8Xh3PHVifOh/K085iaL65Ef 5cpcn/VFY42tstQf78qlB+Yv5hq/S IHtNTVOQ1+v+eDvBldVCTn/SLfuee 5Q5ytdy31HR5yWAe0tiVs/8BqV5kU A==</latexit><latexit sha1_b ase64="XYDWjSnHe/vb664WFbXwk1 KEfnc=">AAAHqHiclVXbbtNAEJ22Q Npya+GRl4i0CAGtkoIEj5FSEA8gCj RNUVNVtrNJrfgS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOzc87cdm2747mx Lhb/LC2v3Lh5K7e6tn77zt179zc2H xzFYTdyVNUJvTA6tq1YeW6gqtrVnj ruRMrybU/V7HaF12sXKordMDjU/Y4 69a1W4DZdx9JQ1eu+pc/tZqIGZ/ps o1DcLcqVzwolIxTIXAfh5kqF6tSgk Bzqkk+KAtKQPbIoxn1CJSpSB7pTSq CLILmyrmhA68B2YaVgYUHbxruF2Yn RBpgzZyxoB148PBGQedrG804YbViz VwU5xvgXzw/RtWZ6SISZI+xjtMG4J owfodd0DotFSN9YDmNZjOSsNDXpjW TjIr6OaDhPZ8Szj5UIuras5OmtWLb AYcv8AhUIMFYRAVd5yJCXjBsYLRmV sASG0QJfhJGrz/HMzq4FOwvac+lTj 17IumM6G0vXGL0PTdpn9jPM/hOQSh i0dCqBZQypiTlXrAd8ktFcj49lbeJ xpRoD6UpWez1eT3aPL2wf6CsdwnqY rS8VVGLPe1eb/Zb18AV8ttRWUwWyL 1juCPvgOl6Alc8F74JtMORx10f7if vx30N6tsoGl1ABuIGg0uwC6L/LyRj 3cxnF3vYmvDVRo16GN6Hnhj214nya Eo2DaGxw9mCzJdGWJVrG1cHAFslcx CyPO3iP8xUQ7fwIt/Ck78UZ7VypXu PoaRVzYdMz+TYwi9Ep7nlfOt2XnFP bYT/bskMCyecl5t0Rl5K9Nm5/mZ87 35PTlmVexD7LQ9ZLjGz5m9CZ42mat 70Jb/M8Xh3PHVifOh/K085iaL65Ef 5cpcn/VFY42tstQf78qlB+Yv5hq/S IHtNTVOQ1+v+eDvBldVCTn/SLfuee 5Q5ytdy31HR5yWAe0tiVs/8BqV5kU A==</latexit><latexit sha1_b ase64="XYDWjSnHe/vb664WFbXwk1 KEfnc=">AAAHqHiclVXbbtNAEJ22Q Npya+GRl4i0CAGtkoIEj5FSEA8gCj RNUVNVtrNJrfgS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOzc87cdm2747mx Lhb/LC2v3Lh5K7e6tn77zt179zc2H xzFYTdyVNUJvTA6tq1YeW6gqtrVnj ruRMrybU/V7HaF12sXKordMDjU/Y4 69a1W4DZdx9JQ1eu+pc/tZqIGZ/ps o1DcLcqVzwolIxTIXAfh5kqF6tSgk Bzqkk+KAtKQPbIoxn1CJSpSB7pTSq CLILmyrmhA68B2YaVgYUHbxruF2Yn RBpgzZyxoB148PBGQedrG804YbViz VwU5xvgXzw/RtWZ6SISZI+xjtMG4J owfodd0DotFSN9YDmNZjOSsNDXpjW TjIr6OaDhPZ8Szj5UIuras5OmtWLb AYcv8AhUIMFYRAVd5yJCXjBsYLRmV sASG0QJfhJGrz/HMzq4FOwvac+lTj 17IumM6G0vXGL0PTdpn9jPM/hOQSh i0dCqBZQypiTlXrAd8ktFcj49lbeJ xpRoD6UpWez1eT3aPL2wf6CsdwnqY rS8VVGLPe1eb/Zb18AV8ttRWUwWyL 1juCPvgOl6Alc8F74JtMORx10f7if vx30N6tsoGl1ABuIGg0uwC6L/LyRj 3cxnF3vYmvDVRo16GN6Hnhj214nya Eo2DaGxw9mCzJdGWJVrG1cHAFslcx CyPO3iP8xUQ7fwIt/Ck78UZ7VypXu PoaRVzYdMz+TYwi9Ep7nlfOt2XnFP bYT/bskMCyecl5t0Rl5K9Nm5/mZ87 35PTlmVexD7LQ9ZLjGz5m9CZ42mat 70Jb/M8Xh3PHVifOh/K085iaL65Ef 5cpcn/VFY42tstQf78qlB+Yv5hq/S IHtNTVOQ1+v+eDvBldVCTn/SLfuee 5Q5ytdy31HR5yWAe0tiVs/8BqV5kU A==</latexit>
e2
<latexit sha1_b ase64="Jb19Hy94NRcldwg+Pilg6B Wpahc=">AAAHqHiclVXbbtNAEJ22Q Npya+GRl4i0CAGtkoAEj5VaEA8gCj RNUVNVtrNJrPgS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOzc87cdm2747mx Lhb/LC2v3Lh5K7e6tn77zt179zc2H xzHYTdyVMUJvTA6sa1YeW6gKtrVnj rpRMrybU9V7fY+r1cvVBS7YXCk+x1 15lvNwG24jqWhqtV8S7fsRqIG5+Xz jUJxtyhXPiuUjFAgcx2Gmyv7VKM6h eRQl3xSFJCG7JFFMe5TKlGROtCdUQ JdBMmVdUUDWge2CysFCwvaNt5NzE6 NNsCcOWNBO/Di4YmAzNM2nnfCaMOa vSrIMca/eH6IrjnTQyLMHGEfow3GN WH8CL2mFiwWIX1jOYxlMZKz0tSgN5 KNi/g6ouE8nRHPAVYi6Nqykqe3Ytk Ehy3zC1QgwFhBBFzlIUNeMq5jtGRU whIYRgt8EUauPsczO7sm7CxoW9KnH r2Qdcd0NpauMfoAmrTP7GeY/ScglT Bo6VQCyxhSA3OuWA/4JKO5Hh/L2sT jSjUG0pWs9nq8nuweX9g+0Fc6gvUw W18qqMSe9642+y3r4Qv4bKmtpn3Iv mC5I+yD63gBVj4XvAu2wZDHXRvtJ+ 7Hfw/p2dozuIQKwA0ElWYXQP9dTsa 4n8so9lae8NZAjXoZ3oSeG/bUivNp SDQOorHB2YPNlkS7J9EyrgYGtkjmI mZ53MF7nK+AaOdHuIUnfS/OaOdK9R pHT6uYC5ueybeOWYxOcc/70um+5Jz aDvvZlh0SSD4vMe+OuJTstXH7y/zc +Z6ctizzIvZZHrJeYmTL34TOHE/Tv JUnvM3zeHU8d2B96nwoTzuLofnmRv hzlSb/U1nhuLxbgvz5VWHvifmHrdI jekxPUZHX6P97OsSX1UFNftIv+p17 ljvMVXPfUtPlJYN5SGNXzv4HzI5kD g==</latexit><latexit sha1_b ase64="Jb19Hy94NRcldwg+Pilg6B Wpahc=">AAAHqHiclVXbbtNAEJ22Q Npya+GRl4i0CAGtkoAEj5VaEA8gCj RNUVNVtrNJrPgS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOzc87cdm2747mx Lhb/LC2v3Lh5K7e6tn77zt179zc2H xzHYTdyVMUJvTA6sa1YeW6gKtrVnj rpRMrybU9V7fY+r1cvVBS7YXCk+x1 15lvNwG24jqWhqtV8S7fsRqIG5+Xz jUJxtyhXPiuUjFAgcx2Gmyv7VKM6h eRQl3xSFJCG7JFFMe5TKlGROtCdUQ JdBMmVdUUDWge2CysFCwvaNt5NzE6 NNsCcOWNBO/Di4YmAzNM2nnfCaMOa vSrIMca/eH6IrjnTQyLMHGEfow3GN WH8CL2mFiwWIX1jOYxlMZKz0tSgN5 KNi/g6ouE8nRHPAVYi6Nqykqe3Ytk Ehy3zC1QgwFhBBFzlIUNeMq5jtGRU whIYRgt8EUauPsczO7sm7CxoW9KnH r2Qdcd0NpauMfoAmrTP7GeY/ScglT Bo6VQCyxhSA3OuWA/4JKO5Hh/L2sT jSjUG0pWs9nq8nuweX9g+0Fc6gvUw W18qqMSe9642+y3r4Qv4bKmtpn3Iv mC5I+yD63gBVj4XvAu2wZDHXRvtJ+ 7Hfw/p2dozuIQKwA0ElWYXQP9dTsa 4n8so9lae8NZAjXoZ3oSeG/bUivNp SDQOorHB2YPNlkS7J9EyrgYGtkjmI mZ53MF7nK+AaOdHuIUnfS/OaOdK9R pHT6uYC5ueybeOWYxOcc/70um+5Jz aDvvZlh0SSD4vMe+OuJTstXH7y/zc +Z6ctizzIvZZHrJeYmTL34TOHE/Tv JUnvM3zeHU8d2B96nwoTzuLofnmRv hzlSb/U1nhuLxbgvz5VWHvifmHrdI jekxPUZHX6P97OsSX1UFNftIv+p17 ljvMVXPfUtPlJYN5SGNXzv4HzI5kD g==</latexit><latexit sha1_b ase64="Jb19Hy94NRcldwg+Pilg6B Wpahc=">AAAHqHiclVXbbtNAEJ22Q Npya+GRl4i0CAGtkoAEj5VaEA8gCj RNUVNVtrNJrPgS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOzc87cdm2747mx Lhb/LC2v3Lh5K7e6tn77zt179zc2H xzHYTdyVMUJvTA6sa1YeW6gKtrVnj rpRMrybU9V7fY+r1cvVBS7YXCk+x1 15lvNwG24jqWhqtV8S7fsRqIG5+Xz jUJxtyhXPiuUjFAgcx2Gmyv7VKM6h eRQl3xSFJCG7JFFMe5TKlGROtCdUQ JdBMmVdUUDWge2CysFCwvaNt5NzE6 NNsCcOWNBO/Di4YmAzNM2nnfCaMOa vSrIMca/eH6IrjnTQyLMHGEfow3GN WH8CL2mFiwWIX1jOYxlMZKz0tSgN5 KNi/g6ouE8nRHPAVYi6Nqykqe3Ytk Ehy3zC1QgwFhBBFzlIUNeMq5jtGRU whIYRgt8EUauPsczO7sm7CxoW9KnH r2Qdcd0NpauMfoAmrTP7GeY/ScglT Bo6VQCyxhSA3OuWA/4JKO5Hh/L2sT jSjUG0pWs9nq8nuweX9g+0Fc6gvUw W18qqMSe9642+y3r4Qv4bKmtpn3Iv mC5I+yD63gBVj4XvAu2wZDHXRvtJ+ 7Hfw/p2dozuIQKwA0ElWYXQP9dTsa 4n8so9lae8NZAjXoZ3oSeG/bUivNp SDQOorHB2YPNlkS7J9EyrgYGtkjmI mZ53MF7nK+AaOdHuIUnfS/OaOdK9R pHT6uYC5ueybeOWYxOcc/70um+5Jz aDvvZlh0SSD4vMe+OuJTstXH7y/zc +Z6ctizzIvZZHrJeYmTL34TOHE/Tv JUnvM3zeHU8d2B96nwoTzuLofnmRv hzlSb/U1nhuLxbgvz5VWHvifmHrdI jekxPUZHX6P97OsSX1UFNftIv+p17 ljvMVXPfUtPlJYN5SGNXzv4HzI5kD g==</latexit><latexit sha1_b ase64="Jb19Hy94NRcldwg+Pilg6B Wpahc=">AAAHqHiclVXbbtNAEJ22Q Npya+GRl4i0CAGtkoAEj5VaEA8gCj RNUVNVtrNJrPgS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOzc87cdm2747mx Lhb/LC2v3Lh5K7e6tn77zt179zc2H xzHYTdyVMUJvTA6sa1YeW6gKtrVnj rpRMrybU9V7fY+r1cvVBS7YXCk+x1 15lvNwG24jqWhqtV8S7fsRqIG5+Xz jUJxtyhXPiuUjFAgcx2Gmyv7VKM6h eRQl3xSFJCG7JFFMe5TKlGROtCdUQ JdBMmVdUUDWge2CysFCwvaNt5NzE6 NNsCcOWNBO/Di4YmAzNM2nnfCaMOa vSrIMca/eH6IrjnTQyLMHGEfow3GN WH8CL2mFiwWIX1jOYxlMZKz0tSgN5 KNi/g6ouE8nRHPAVYi6Nqykqe3Ytk Ehy3zC1QgwFhBBFzlIUNeMq5jtGRU whIYRgt8EUauPsczO7sm7CxoW9KnH r2Qdcd0NpauMfoAmrTP7GeY/ScglT Bo6VQCyxhSA3OuWA/4JKO5Hh/L2sT jSjUG0pWs9nq8nuweX9g+0Fc6gvUw W18qqMSe9642+y3r4Qv4bKmtpn3Iv mC5I+yD63gBVj4XvAu2wZDHXRvtJ+ 7Hfw/p2dozuIQKwA0ElWYXQP9dTsa 4n8so9lae8NZAjXoZ3oSeG/bUivNp SDQOorHB2YPNlkS7J9EyrgYGtkjmI mZ53MF7nK+AaOdHuIUnfS/OaOdK9R pHT6uYC5ueybeOWYxOcc/70um+5Jz aDvvZlh0SSD4vMe+OuJTstXH7y/zc +Z6ctizzIvZZHrJeYmTL34TOHE/Tv JUnvM3zeHU8d2B96nwoTzuLofnmRv hzlSb/U1nhuLxbgvz5VWHvifmHrdI jekxPUZHX6P97OsSX1UFNftIv+p17 ljvMVXPfUtPlJYN5SGNXzv4HzI5kD g==</latexit>
e1
<latexit  sha1_base64=" xsc7pt4lmUi/aHB C8GGYDvxrhg0=" >AAAHqHiclVXbbt NAEJ22QNpya+GR l4i0CAGtkoIEj5F SEA8gCjRNUVNVt rNJrfgS2ZuSYOU3 eIXf4l944Mx4E5 o4l9aWvbOzc87cd m2747mxLhb/LC2 v3Lh5K7e6tn77zt 179zc2HxzFYTdy VNUJvTA6tq1YeW6 gqtrVnjruRMryb U/V7HaF12sXKord MDjU/Y469a1W4D Zdx9JQ1eu+pc/tZ qIGZ6WzjUJxtyh XPiuUjFAgcx2Emy sVqlODQnKoSz4p CkhD9siiGPcJlah IHehOKYEuguTKu qIBrQPbhZWChQVt G+8WZidGG2DOnL GgHXjx8ERA5mkbz zthtGHNXhXkGON fPD9E15rpIRFmjr CP0QbjmjB+hF7T OSwWIX1jOYxlMZK z0tSkN5KNi/g6o uE8nRHPPlYi6Nqy kqe3YtkChy3zC1 QgwFhFBFzlIUNeM m5gtGRUwhIYRgt 8EUauPsczO7sW7C xoz6VPPXoh647p bCxdY/Q+NGmf2c8 w+09AKmHQ0qkEl jGkJuZcsR7wSUZz PT6WtYnHlWoMpC tZ7fV4Pdk9vrB9o K90COthtr5UUIk 9711t9lvWwxfw2V JbTRXIvmC5I+yD 63gBVj4XvAu2wZD HXR/tJ+7Hfw/p2 SobXEIF4AaCSrML oP8uJ2Pcz2UUe9 ub8NZEjXoZ3oSeG /bUivNpSjQOorH B2YPNlkRblmgZVw cDWyRzEbM87uA9 zldAtPMj3MKTvhd ntHOleo2jp1XMh U3P5NvALEanuOd9 6XRfck5th/1syw 4JJJ+XmHdHXEr22 rj9ZX7ufE9OW5Z 5EfssD1kvMbLlb0 Jnjqdp3vYmvM3z eHU8d2B96nwoTzu LofnmRvhzlSb/U 1nhaG+3BPnzq0L5 ifmHrdIjekxPUZ HX6P97OsCX1UFNf tIv+p17ljvI1XL fUtPlJYN5SGNXzv 4HxVVkDQ==</la texit><latexit  sha1_base64=" xsc7pt4lmUi/aHB C8GGYDvxrhg0=" >AAAHqHiclVXbbt NAEJ22QNpya+GR l4i0CAGtkoIEj5F SEA8gCjRNUVNVt rNJrfgS2ZuSYOU3 eIXf4l944Mx4E5 o4l9aWvbOzc87cd m2747mxLhb/LC2 v3Lh5K7e6tn77zt 179zc2HxzFYTdy VNUJvTA6tq1YeW6 gqtrVnjruRMryb U/V7HaF12sXKord MDjU/Y469a1W4D Zdx9JQ1eu+pc/tZ qIGZ6WzjUJxtyh XPiuUjFAgcx2Emy sVqlODQnKoSz4p CkhD9siiGPcJlah IHehOKYEuguTKu qIBrQPbhZWChQVt G+8WZidGG2DOnL GgHXjx8ERA5mkbz zthtGHNXhXkGON fPD9E15rpIRFmjr CP0QbjmjB+hF7T OSwWIX1jOYxlMZK z0tSkN5KNi/g6o uE8nRHPPlYi6Nqy kqe3YtkChy3zC1 QgwFhFBFzlIUNeM m5gtGRUwhIYRgt 8EUauPsczO7sW7C xoz6VPPXoh647p bCxdY/Q+NGmf2c8 w+09AKmHQ0qkEl jGkJuZcsR7wSUZz PT6WtYnHlWoMpC tZ7fV4Pdk9vrB9o K90COthtr5UUIk 9711t9lvWwxfw2V JbTRXIvmC5I+yD 63gBVj4XvAu2wZD HXR/tJ+7Hfw/p2 SobXEIF4AaCSrML oP8uJ2Pcz2UUe9 ub8NZEjXoZ3oSeG /bUivNpSjQOorH B2YPNlkRblmgZVw cDWyRzEbM87uA9 zldAtPMj3MKTvhd ntHOleo2jp1XMh U3P5NvALEanuOd9 6XRfck5th/1syw 4JJJ+XmHdHXEr22 rj9ZX7ufE9OW5Z 5EfssD1kvMbLlb0 Jnjqdp3vYmvM3z eHU8d2B96nwoTzu LofnmRvhzlSb/U 1nhaG+3BPnzq0L5 ifmHrdIjekxPUZ HX6P97OsCX1UFNf tIv+p17ljvI1XL fUtPlJYN5SGNXzv 4HxVVkDQ==</la texit><latexit  sha1_base64=" xsc7pt4lmUi/aHB C8GGYDvxrhg0=" >AAAHqHiclVXbbt NAEJ22QNpya+GR l4i0CAGtkoIEj5F SEA8gCjRNUVNVt rNJrfgS2ZuSYOU3 eIXf4l944Mx4E5 o4l9aWvbOzc87cd m2747mxLhb/LC2 v3Lh5K7e6tn77zt 179zc2HxzFYTdy VNUJvTA6tq1YeW6 gqtrVnjruRMryb U/V7HaF12sXKord MDjU/Y469a1W4D Zdx9JQ1eu+pc/tZ qIGZ6WzjUJxtyh XPiuUjFAgcx2Emy sVqlODQnKoSz4p CkhD9siiGPcJlah IHehOKYEuguTKu qIBrQPbhZWChQVt G+8WZidGG2DOnL GgHXjx8ERA5mkbz zthtGHNXhXkGON fPD9E15rpIRFmjr CP0QbjmjB+hF7T OSwWIX1jOYxlMZK z0tSkN5KNi/g6o uE8nRHPPlYi6Nqy kqe3YtkChy3zC1 QgwFhFBFzlIUNeM m5gtGRUwhIYRgt 8EUauPsczO7sW7C xoz6VPPXoh647p bCxdY/Q+NGmf2c8 w+09AKmHQ0qkEl jGkJuZcsR7wSUZz PT6WtYnHlWoMpC tZ7fV4Pdk9vrB9o K90COthtr5UUIk 9711t9lvWwxfw2V JbTRXIvmC5I+yD 63gBVj4XvAu2wZD HXR/tJ+7Hfw/p2 SobXEIF4AaCSrML oP8uJ2Pcz2UUe9 ub8NZEjXoZ3oSeG /bUivNpSjQOorH B2YPNlkRblmgZVw cDWyRzEbM87uA9 zldAtPMj3MKTvhd ntHOleo2jp1XMh U3P5NvALEanuOd9 6XRfck5th/1syw 4JJJ+XmHdHXEr22 rj9ZX7ufE9OW5Z 5EfssD1kvMbLlb0 Jnjqdp3vYmvM3z eHU8d2B96nwoTzu LofnmRvhzlSb/U 1nhaG+3BPnzq0L5 ifmHrdIjekxPUZ HX6P97OsCX1UFNf tIv+p17ljvI1XL fUtPlJYN5SGNXzv 4HxVVkDQ==</la texit><latexit  sha1_base64=" xsc7pt4lmUi/aHB C8GGYDvxrhg0=" >AAAHqHiclVXbbt NAEJ22QNpya+GR l4i0CAGtkoIEj5F SEA8gCjRNUVNVt rNJrfgS2ZuSYOU3 eIXf4l944Mx4E5 o4l9aWvbOzc87cd m2747mxLhb/LC2 v3Lh5K7e6tn77zt 179zc2HxzFYTdy VNUJvTA6tq1YeW6 gqtrVnjruRMryb U/V7HaF12sXKord MDjU/Y469a1W4D Zdx9JQ1eu+pc/tZ qIGZ6WzjUJxtyh XPiuUjFAgcx2Emy sVqlODQnKoSz4p CkhD9siiGPcJlah IHehOKYEuguTKu qIBrQPbhZWChQVt G+8WZidGG2DOnL GgHXjx8ERA5mkbz zthtGHNXhXkGON fPD9E15rpIRFmjr CP0QbjmjB+hF7T OSwWIX1jOYxlMZK z0tSkN5KNi/g6o uE8nRHPPlYi6Nqy kqe3YtkChy3zC1 QgwFhFBFzlIUNeM m5gtGRUwhIYRgt 8EUauPsczO7sW7C xoz6VPPXoh647p bCxdY/Q+NGmf2c8 w+09AKmHQ0qkEl jGkJuZcsR7wSUZz PT6WtYnHlWoMpC tZ7fV4Pdk9vrB9o K90COthtr5UUIk 9711t9lvWwxfw2V JbTRXIvmC5I+yD 63gBVj4XvAu2wZD HXR/tJ+7Hfw/p2 SobXEIF4AaCSrML oP8uJ2Pcz2UUe9 ub8NZEjXoZ3oSeG /bUivNpSjQOorH B2YPNlkRblmgZVw cDWyRzEbM87uA9 zldAtPMj3MKTvhd ntHOleo2jp1XMh U3P5NvALEanuOd9 6XRfck5th/1syw 4JJJ+XmHdHXEr22 rj9ZX7ufE9OW5Z 5EfssD1kvMbLlb0 Jnjqdp3vYmvM3z eHU8d2B96nwoTzu LofnmRvhzlSb/U 1nhaG+3BPnzq0L5 ifmHrdIjekxPUZ HX6P97OsCX1UFNf tIv+p17ljvI1XL fUtPlJYN5SGNXzv 4HxVVkDQ==</la texit>
lt
<latexit sha1_b ase64="H1u+oqlb/GBf+bh0c/cV3L P/6XM=">AAAHqHiclVXbbtNAEJ22Q Npya+GRl4i0CAGtkoIEj5FSEA8gCj RNUVNVtrNJrfgS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOzc87cdm2747mx Lhb/LC2v3Lh5K7e6tn77zt179zc2H xzFYTdyVNUJvTA6tq1YeW6gqtrVnj ruRMrybU/V7HaF12sXKordMDjU/Y4 69a1W4DZdx9JQ1eu+pc/tZuINzvTZ RqG4W5QrnxVKRiiQuQ7CzZUK1alBI TnUJZ8UBaQhe2RRjPuESlSkDnSnlE AXQXJlXdGA1oHtwkrBwoK2jXcLsxO jDTBnzljQDrx4eCIg87SN550w2rBm rwpyjPEvnh+ia830kAgzR9jHaINxT Rg/Qq/pHBaLkL6xHMayGMlZaWrSG8 nGRXwd0XCezohnHysRdG1ZydNbsWy Bw5b5BSoQYKwiAq7ykCEvGTcwWjIq YQkMowW+CCNXn+OZnV0Ldha059KnH r2Qdcd0NpauMXofmrTP7GeY/ScglT Bo6VQCyxhSE3OuWA/4JKO5Hh/L2sT jSjUG0pWs9nq8nuweX9g+0Fc6hPUw W18qqMSe9642+y3r4Qv4bKmtpgpkX 7DcEfbBdbwAK58L3gXbYMjjro/2E/ fjv4f0bJUNLqECcANBpdkF0H+XkzH u5zKKve1NeGuiRr0Mb0LPDXtqxfk0 JRoH0djg7MFmS6ItS7SMq4OBLZK5i Fked/Ae5ysg2vkRbuFJ34sz2rlSvc bR0yrmwqZn8m1gFqNT3PO+dLovOae 2w362ZYcEks9LzLsjLiV7bdz+Mj93 vienLcu8iH2Wh6yXGNnyN6Ezx9M0b 3sT3uZ5vDqeO7A+dT6Up53F0HxzI/ y5SpP/qaxwtLdbgvz5VaH8xPzDVuk RPaanqMhr9P89HeDL6qAmP+kX/c49 yx3karlvqenyksE8pLErZ/8D3AJkV w==</latexit><latexit sha1_b ase64="H1u+oqlb/GBf+bh0c/cV3L P/6XM=">AAAHqHiclVXbbtNAEJ22Q Npya+GRl4i0CAGtkoIEj5FSEA8gCj RNUVNVtrNJrfgS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOzc87cdm2747mx Lhb/LC2v3Lh5K7e6tn77zt179zc2H xzFYTdyVNUJvTA6tq1YeW6gqtrVnj ruRMrybU/V7HaF12sXKordMDjU/Y4 69a1W4DZdx9JQ1eu+pc/tZuINzvTZ RqG4W5QrnxVKRiiQuQ7CzZUK1alBI TnUJZ8UBaQhe2RRjPuESlSkDnSnlE AXQXJlXdGA1oHtwkrBwoK2jXcLsxO jDTBnzljQDrx4eCIg87SN550w2rBm rwpyjPEvnh+ia830kAgzR9jHaINxT Rg/Qq/pHBaLkL6xHMayGMlZaWrSG8 nGRXwd0XCezohnHysRdG1ZydNbsWy Bw5b5BSoQYKwiAq7ykCEvGTcwWjIq YQkMowW+CCNXn+OZnV0Ldha059KnH r2Qdcd0NpauMXofmrTP7GeY/ScglT Bo6VQCyxhSE3OuWA/4JKO5Hh/L2sT jSjUG0pWs9nq8nuweX9g+0Fc6hPUw W18qqMSe9642+y3r4Qv4bKmtpgpkX 7DcEfbBdbwAK58L3gXbYMjjro/2E/ fjv4f0bJUNLqECcANBpdkF0H+XkzH u5zKKve1NeGuiRr0Mb0LPDXtqxfk0 JRoH0djg7MFmS6ItS7SMq4OBLZK5i Fked/Ae5ysg2vkRbuFJ34sz2rlSvc bR0yrmwqZn8m1gFqNT3PO+dLovOae 2w362ZYcEks9LzLsjLiV7bdz+Mj93 vienLcu8iH2Wh6yXGNnyN6Ezx9M0b 3sT3uZ5vDqeO7A+dT6Up53F0HxzI/ y5SpP/qaxwtLdbgvz5VaH8xPzDVuk RPaanqMhr9P89HeDL6qAmP+kX/c49 yx3karlvqenyksE8pLErZ/8D3AJkV w==</latexit><latexit sha1_b ase64="H1u+oqlb/GBf+bh0c/cV3L P/6XM=">AAAHqHiclVXbbtNAEJ22Q Npya+GRl4i0CAGtkoIEj5FSEA8gCj RNUVNVtrNJrfgS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOzc87cdm2747mx Lhb/LC2v3Lh5K7e6tn77zt179zc2H xzFYTdyVNUJvTA6tq1YeW6gqtrVnj ruRMrybU/V7HaF12sXKordMDjU/Y4 69a1W4DZdx9JQ1eu+pc/tZuINzvTZ RqG4W5QrnxVKRiiQuQ7CzZUK1alBI TnUJZ8UBaQhe2RRjPuESlSkDnSnlE AXQXJlXdGA1oHtwkrBwoK2jXcLsxO jDTBnzljQDrx4eCIg87SN550w2rBm rwpyjPEvnh+ia830kAgzR9jHaINxT Rg/Qq/pHBaLkL6xHMayGMlZaWrSG8 nGRXwd0XCezohnHysRdG1ZydNbsWy Bw5b5BSoQYKwiAq7ykCEvGTcwWjIq YQkMowW+CCNXn+OZnV0Ldha059KnH r2Qdcd0NpauMXofmrTP7GeY/ScglT Bo6VQCyxhSE3OuWA/4JKO5Hh/L2sT jSjUG0pWs9nq8nuweX9g+0Fc6hPUw W18qqMSe9642+y3r4Qv4bKmtpgpkX 7DcEfbBdbwAK58L3gXbYMjjro/2E/ fjv4f0bJUNLqECcANBpdkF0H+XkzH u5zKKve1NeGuiRr0Mb0LPDXtqxfk0 JRoH0djg7MFmS6ItS7SMq4OBLZK5i Fked/Ae5ysg2vkRbuFJ34sz2rlSvc bR0yrmwqZn8m1gFqNT3PO+dLovOae 2w362ZYcEks9LzLsjLiV7bdz+Mj93 vienLcu8iH2Wh6yXGNnyN6Ezx9M0b 3sT3uZ5vDqeO7A+dT6Up53F0HxzI/ y5SpP/qaxwtLdbgvz5VaH8xPzDVuk RPaanqMhr9P89HeDL6qAmP+kX/c49 yx3karlvqenyksE8pLErZ/8D3AJkV w==</latexit><latexit sha1_b ase64="H1u+oqlb/GBf+bh0c/cV3L P/6XM=">AAAHqHiclVXbbtNAEJ22Q Npya+GRl4i0CAGtkoIEj5FSEA8gCj RNUVNVtrNJrfgS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOzc87cdm2747mx Lhb/LC2v3Lh5K7e6tn77zt179zc2H xzFYTdyVNUJvTA6tq1YeW6gqtrVnj ruRMrybU/V7HaF12sXKordMDjU/Y4 69a1W4DZdx9JQ1eu+pc/tZuINzvTZ RqG4W5QrnxVKRiiQuQ7CzZUK1alBI TnUJZ8UBaQhe2RRjPuESlSkDnSnlE AXQXJlXdGA1oHtwkrBwoK2jXcLsxO jDTBnzljQDrx4eCIg87SN550w2rBm rwpyjPEvnh+ia830kAgzR9jHaINxT Rg/Qq/pHBaLkL6xHMayGMlZaWrSG8 nGRXwd0XCezohnHysRdG1ZydNbsWy Bw5b5BSoQYKwiAq7ykCEvGTcwWjIq YQkMowW+CCNXn+OZnV0Ldha059KnH r2Qdcd0NpauMXofmrTP7GeY/ScglT Bo6VQCyxhSE3OuWA/4JKO5Hh/L2sT jSjUG0pWs9nq8nuweX9g+0Fc6hPUw W18qqMSe9642+y3r4Qv4bKmtpgpkX 7DcEfbBdbwAK58L3gXbYMjjro/2E/ fjv4f0bJUNLqECcANBpdkF0H+XkzH u5zKKve1NeGuiRr0Mb0LPDXtqxfk0 JRoH0djg7MFmS6ItS7SMq4OBLZK5i Fked/Ae5ysg2vkRbuFJ34sz2rlSvc bR0yrmwqZn8m1gFqNT3PO+dLovOae 2w362ZYcEks9LzLsjLiV7bdz+Mj93 vienLcu8iH2Wh6yXGNnyN6Ezx9M0b 3sT3uZ5vDqeO7A+dT6Up53F0HxzI/ y5SpP/qaxwtLdbgvz5VaH8xPzDVuk RPaanqMhr9P89HeDL6qAmP+kX/c49 yx3karlvqenyksE8pLErZ/8D3AJkV w==</latexit>
yt
<latexit sha1_b ase64="1O62eFKHj55B+NpfluuE5B Pq7l8=">AAAHqHiclVXbbtNAEJ22Q Npya+GRl4i0CAGtkoIEj5FSEA8gCj RNUVNVtrNJrfgS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOzc87cdm2747mx Lhb/LC2v3Lh5K7e6tn77zt179zc2H xzFYTdyVNUJvTA6tq1YeW6gqtrVnj ruRMrybU/V7HaF12sXKordMDjU/Y4 69a1W4DZdx9JQ1eu+pc/tZtIfnOmz jUJxtyhXPiuUjFAgcx2EmysVqlODQ nKoSz4pCkhD9siiGPcJlahIHehOKY EuguTKuqIBrQPbhZWChQVtG+8WZid GG2DOnLGgHXjx8ERA5mkbzzthtGHN XhXkGONfPD9E15rpIRFmjrCP0Qbjm jB+hF7TOSwWIX1jOYxlMZKz0tSkN5 KNi/g6ouE8nRHPPlYi6Nqykqe3Ytk Chy3zC1QgwFhFBFzlIUNeMm5gtGRU whIYRgt8EUauPsczO7sW7Cxoz6VPP Xoh647pbCxdY/Q+NGmf2c8w+09AKm HQ0qkEljGkJuZcsR7wSUZzPT6WtYn HlWoMpCtZ7fV4Pdk9vrB9oK90COth tr5UUIk9711t9lvWwxfw2VJbTRXIv mC5I+yD63gBVj4XvAu2wZDHXR/tJ+ 7Hfw/p2SobXEIF4AaCSrMLoP8uJ2P cz2UUe9ub8NZEjXoZ3oSeG/bUivNp SjQOorHB2YPNlkRblmgZVwcDWyRzE bM87uA9zldAtPMj3MKTvhdntHOleo 2jp1XMhU3P5NvALEanuOd96XRfck5 th/1syw4JJJ+XmHdHXEr22rj9ZX7u fE9OW5Z5EfssD1kvMbLlb0Jnjqdp3 vYmvM3zeHU8d2B96nwoTzuLofnmRv hzlSb/U1nhaG+3BPnzq0L5ifmHrdI jekxPUZHX6P97OsCX1UFNftIv+p17 ljvI1XLfUtPlJYN5SGNXzv4HOh1kZ A==</latexit><latexit sha1_b ase64="1O62eFKHj55B+NpfluuE5B Pq7l8=">AAAHqHiclVXbbtNAEJ22Q Npya+GRl4i0CAGtkoIEj5FSEA8gCj RNUVNVtrNJrfgS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOzc87cdm2747mx Lhb/LC2v3Lh5K7e6tn77zt179zc2H xzFYTdyVNUJvTA6tq1YeW6gqtrVnj ruRMrybU/V7HaF12sXKordMDjU/Y4 69a1W4DZdx9JQ1eu+pc/tZtIfnOmz jUJxtyhXPiuUjFAgcx2EmysVqlODQ nKoSz4pCkhD9siiGPcJlahIHehOKY EuguTKuqIBrQPbhZWChQVtG+8WZid GG2DOnLGgHXjx8ERA5mkbzzthtGHN XhXkGONfPD9E15rpIRFmjrCP0Qbjm jB+hF7TOSwWIX1jOYxlMZKz0tSkN5 KNi/g6ouE8nRHPPlYi6Nqykqe3Ytk Chy3zC1QgwFhFBFzlIUNeMm5gtGRU whIYRgt8EUauPsczO7sW7Cxoz6VPP Xoh647pbCxdY/Q+NGmf2c8w+09AKm HQ0qkEljGkJuZcsR7wSUZzPT6WtYn HlWoMpCtZ7fV4Pdk9vrB9oK90COth tr5UUIk9711t9lvWwxfw2VJbTRXIv mC5I+yD63gBVj4XvAu2wZDHXR/tJ+ 7Hfw/p2SobXEIF4AaCSrMLoP8uJ2P cz2UUe9ub8NZEjXoZ3oSeG/bUivNp SjQOorHB2YPNlkRblmgZVwcDWyRzE bM87uA9zldAtPMj3MKTvhdntHOleo 2jp1XMhU3P5NvALEanuOd96XRfck5 th/1syw4JJJ+XmHdHXEr22rj9ZX7u fE9OW5Z5EfssD1kvMbLlb0Jnjqdp3 vYmvM3zeHU8d2B96nwoTzuLofnmRv hzlSb/U1nhaG+3BPnzq0L5ifmHrdI jekxPUZHX6P97OsCX1UFNftIv+p17 ljvI1XLfUtPlJYN5SGNXzv4HOh1kZ A==</latexit><latexit sha1_b ase64="1O62eFKHj55B+NpfluuE5B Pq7l8=">AAAHqHiclVXbbtNAEJ22Q Npya+GRl4i0CAGtkoIEj5FSEA8gCj RNUVNVtrNJrfgS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOzc87cdm2747mx Lhb/LC2v3Lh5K7e6tn77zt179zc2H xzFYTdyVNUJvTA6tq1YeW6gqtrVnj ruRMrybU/V7HaF12sXKordMDjU/Y4 69a1W4DZdx9JQ1eu+pc/tZtIfnOmz jUJxtyhXPiuUjFAgcx2EmysVqlODQ nKoSz4pCkhD9siiGPcJlahIHehOKY EuguTKuqIBrQPbhZWChQVtG+8WZid GG2DOnLGgHXjx8ERA5mkbzzthtGHN XhXkGONfPD9E15rpIRFmjrCP0Qbjm jB+hF7TOSwWIX1jOYxlMZKz0tSkN5 KNi/g6ouE8nRHPPlYi6Nqykqe3Ytk Chy3zC1QgwFhFBFzlIUNeMm5gtGRU whIYRgt8EUauPsczO7sW7Cxoz6VPP Xoh647pbCxdY/Q+NGmf2c8w+09AKm HQ0qkEljGkJuZcsR7wSUZzPT6WtYn HlWoMpCtZ7fV4Pdk9vrB9oK90COth tr5UUIk9711t9lvWwxfw2VJbTRXIv mC5I+yD63gBVj4XvAu2wZDHXR/tJ+ 7Hfw/p2SobXEIF4AaCSrMLoP8uJ2P cz2UUe9ub8NZEjXoZ3oSeG/bUivNp SjQOorHB2YPNlkRblmgZVwcDWyRzE bM87uA9zldAtPMj3MKTvhdntHOleo 2jp1XMhU3P5NvALEanuOd96XRfck5 th/1syw4JJJ+XmHdHXEr22rj9ZX7u fE9OW5Z5EfssD1kvMbLlb0Jnjqdp3 vYmvM3zeHU8d2B96nwoTzuLofnmRv hzlSb/U1nhaG+3BPnzq0L5ifmHrdI jekxPUZHX6P97OsCX1UFNftIv+p17 ljvI1XLfUtPlJYN5SGNXzv4HOh1kZ A==</latexit><latexit sha1_b ase64="1O62eFKHj55B+NpfluuE5B Pq7l8=">AAAHqHiclVXbbtNAEJ22Q Npya+GRl4i0CAGtkoIEj5FSEA8gCj RNUVNVtrNJrfgS2ZuSYOU3eIXf4l9 44Mx4E5o4l9aWvbOzc87cdm2747mx Lhb/LC2v3Lh5K7e6tn77zt179zc2H xzFYTdyVNUJvTA6tq1YeW6gqtrVnj ruRMrybU/V7HaF12sXKordMDjU/Y4 69a1W4DZdx9JQ1eu+pc/tZtIfnOmz jUJxtyhXPiuUjFAgcx2EmysVqlODQ nKoSz4pCkhD9siiGPcJlahIHehOKY EuguTKuqIBrQPbhZWChQVtG+8WZid GG2DOnLGgHXjx8ERA5mkbzzthtGHN XhXkGONfPD9E15rpIRFmjrCP0Qbjm jB+hF7TOSwWIX1jOYxlMZKz0tSkN5 KNi/g6ouE8nRHPPlYi6Nqykqe3Ytk Chy3zC1QgwFhFBFzlIUNeMm5gtGRU whIYRgt8EUauPsczO7sW7Cxoz6VPP Xoh647pbCxdY/Q+NGmf2c8w+09AKm HQ0qkEljGkJuZcsR7wSUZzPT6WtYn HlWoMpCtZ7fV4Pdk9vrB9oK90COth tr5UUIk9711t9lvWwxfw2VJbTRXIv mC5I+yD63gBVj4XvAu2wZDHXR/tJ+ 7Hfw/p2SobXEIF4AaCSrMLoP8uJ2P cz2UUe9ub8NZEjXoZ3oSeG/bUivNp SjQOorHB2YPNlkRblmgZVwcDWyRzE bM87uA9zldAtPMj3MKTvhdntHOleo 2jp1XMhU3P5NvALEanuOd96XRfck5 th/1syw4JJJ+XmHdHXEr22rj9ZX7u fE9OW5Z5EfssD1kvMbLlb0Jnjqdp3 vYmvM3zeHU8d2B96nwoTzuLofnmRv hzlSb/U1nhaG+3BPnzq0L5ifmHrdI jekxPUZHX6P97OsCX1UFNftIv+p17 ljvI1XLfUtPlJYN5SGNXzv4HOh1kZ A==</latexit>
Figure 3: The architecture of the proposed BiLSTM
model with self attention. For each time t, the exchange
level parameter of all exchanges ei of the sub-dialogue
i ∈ {1 . . . t} are encoded to their respective hidden rep-
resentation hi and are considered and weighted with
the self attention mechanism to finally estimate the IQ
value yt at time t.
4 LSTM-based Interaction Quality
Estimation
The proposed IQ estimation model will be used as
a reward estimator as depicted in Figure 1. With
parameters that are collected from the dialogue
system modules for each time step t, the reward
estimator derives the reward rt that is used for
learning the dialogue policy pi.
The architecture of our proposed IQ estimation
model is shown in Figure 3. It is based on the idea
that the temporal information that has previously
been explicitly encoded with the window and dia-
logue interaction parameter levels may be learned
instead by using recurrent neural networks. Thus,
only the exchange level parameters et are con-
sidered (see Table 1). Long Short-Term Mem-
ory (LSTM) cells are at the core of the model
and have originally been proposed by Hochreiter
and Schmidhuber (1997) as a recurrent variant that
remedies the vanishing gradient problem (Bengio
et al., 1994).
As shown in Figue 3, the exchange level param-
eters form the input vector et for each time step
or turn t to a bi-directional LSTM (Graves et al.,
2013) layer. The input vector et encodes the nom-
inal parameters ASRRecognitionStatus, Activity-
Type, and Confirmation? as 1-hot representations.
In the BiLSTM layer, two hidden states are com-
puted: ~ht constitutes the forward pass through the
current sub-dialogue and ~ht the backwards pass:
~ht = LSTM(et, ~ht−1) (3)
~ht = LSTM(et, ~ht+1) (4)
The final hidden layer is then computed by con-
catenating both hidden states:
ht = [~ht, ~ht] . (5)
Even though information from all time steps
may contribute to the final IQ value, not all time
steps may be equally important. Thus, an atten-
tion mechanism (Vaswani et al., 2017) is used that
evaluates the importance of each time step t′ for
estimating the IQ value at time t by calculating a
weight vector αt,t′ .
gt,t′ = tanh(h
T
t Wt + h
T
t′Wt′ + bt) (6)
αt,t′ = softmax(σ(Wagt,t′ + ba)) (7)
lt =
∑
t′
αt,t′ht′ (8)
Zheng et al. (2018) describe this as follows: “The
attention-focused hidden state representation lt
of an [exchange] at time step t is given by the
weighted summation of the hidden state represen-
tation ht′ of all [exchanges] at time steps t′, and
their similarity αt,t′ to the hidden state represen-
tation ht of the current [exchange]. Essentially, lt
dictates how much to attend to an [exchange] at
any time step conditioned on their neighbourhood
context.”
To calculate the final estimate yt of the current
IQ value at time t, a softmax layer is introduced:
yt = softmax(lt) (9)
For estimating the interaction quality using a
BiLSTM, the proposed architecture frames the
task as a classification problem where each se-
quence is labelled with one IQ value. Thus, for
Table 2: Performance of the proposed LSTM-based
variants with the traditional cross-validation setup. Due
to overlapping sub-dialogues in the train and test sets,
the performance of the LSTM-based models achieve
unrealistically high performance.
UAR κ ρ eA Ep.
LSTM 0.78 0.85 0.91 0.99 101
BiLSTM 0.78 0.85 0.92 0.99 100
LSTM+att 0.74 0.82 0.91 0.99 101
BiLSTM+att 0.75 0.83 0.91 0.99 93
Rach et al. (2017) 0.55 0.68 0.83 0.94 -
Ultes et al. (2015) 0.55 - - 0.89 -
each time step t, the IQ value needs to be estimated
for the corresponding sub-dialogue consisting of
all exchanges from the beginning up to t. Fram-
ing the problem like this is necessary to allow for
the application of a BiLSTM-approach and still be
able to only use information that would be present
at the current time step t in an ongoing dialogue
interaction.
To analyse the influence of the BiLSTM, a
model with a single forward-LSTM layer is also
investigated where
ht = ~ht . (10)
Similarly, a model without attention is also
analysed where
lt = ht . (11)
5 Experiments and Results
The proposed BiLSTM IQ estimator is both
trained and evaluated on the LEGO corpus and ap-
plied within the IQ reward estimation framework
(Fig. 1) on several domains within a simulated en-
vironment.
5.1 Interaction Quality Estimation
To evaluate the proposed BiLSTM model with at-
tention (BiLSTM+att), it is compared with three
of its own variants: a BiLSTM without attention
(BiLSTM) as well as a single forward-LSTM layer
with attention (LSTM+att) and without attention
(LSTM). Additional baselines are defined by Rach
et al. (2017) who already proposed an LSTM-
based architecture that only uses non-temporal
features, and the SVM-based estimation model
as originally used for reward estimation by Ultes
et al. (2015).
The deep neural net models have been imple-
mented with Keras (Chollet et al., 2015) using
Table 3: Performance of the proposed LSTM-based
variants with the dialogue-wise cross-validation setup.
The models by Rach et al. (2017) and Ultes et al. (2015)
have been re-implemented. The BiLSTM with atten-
tion mechanism performs best in all evaluation metrics.
UAR κ ρ eA Ep.
LSTM 0.51 0.63 0.78 0.93 8
BiLSTM 0.53 0.63 0.78 0.93 8
LSTM+att 0.52 0.63 0.79 0.92 40
BiLSTM+att 0.54 0.65 0.81 0.94 40
Rach et al. (2017) 0.45 0.58 0.79 0.88 82
Ultes et al. (2015) 0.44 0.53 0.69 0.86 -
the self-attention implementation as provided by
Zheng et al. (2018)4. All models were trained
against cross-entropy loss using RmsProp (Tiele-
man and Hinton, 2012) optimisation with a learn-
ing rate of 0.001 and a mini-batch size of 16.
As evaluation measures, the unweighted aver-
age recall (UAR)—the arithmetic average of all
class-wise recalls—, a linearly weighted version
of Cohen’s κ, and Spearman’s ρ are used. As
missing the correct estimated IQ value by only one
has little impact for modelling the reward, a mea-
sure we call the extended accuracy (eA) is used
where neighbouring values are taken into account
as well.
All experiments were conducted with the
LEGO corpus (Schmitt et al., 2012) in a 10-fold
cross-validation setup for a total of 100 epochs per
fold. The results are presented in Table 2. Due to
the way the task is framed (one label for each sub-
dialogue), memorising effects may be observed
with the traditional cross-validation setup that has
been used in previous work. Hence, the results
in Table 2 show very high performance, which is
likely to further increase with ongoing training.
However, the corresponding models are likely to
generalise poorly.
To alleviate this, a dialogue-wise cross-
validation setup has been employed also consist-
ing of 10 folds of disjoint sets of dialogues. By
that, it can be guaranteed that there are no over-
lapping sub-dialogues in the training and test sets.
All results of these experiments are presented in
Table 3 with the absolute improvement of the two
main measures UAR and eA over the SVM-based
approach of Ultes et al. (2015) visualised in Fig-
ure 4.
4Code freely available at https://github.com/
CyberZHG/keras-self-attention
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Figure 4: Absolute improvement of the IQ estimation
models over the originally employed model by (Ultes
et al., 2017a) for IQ-based reward estimation with the
dialogue-wise cross-validation setup. UAR and eA
take values from 0 to 1
The proposed BiLSTM+att model outperforms
existing models and the baselines in all four per-
formance measures by achieving an UAR of 0.54
and an eA of 0.94 after 40 epochs. Furthermore,
both the BiLSTM and the attention mechanism
by themselves improve the performance in terms
of UAR. Based on this findings, the BiLSTM+att
model is selected as reward estimator for the ex-
periments in the dialogue policy learning setup as
shown in Figure 1.
5.2 Dialogue Policy Learning
To analyse the impact of the IQ reward estima-
tor on the resulting dialogue policy, experiments
are conducted comparing three different reward
models. The two baselines are in accordance to
Ultes et al. (2017a): having the objective task suc-
cess as principal reward component (RTS) and
having the interaction quality estimated by a sup-
port vector machine as principal reward compo-
nent (RsIQ). TS can be computed by comparing
the outcome of each dialogue with the pre-defined
goal. Of course, this is only possible in simulation
and when evaluating with paid subjects. This goal
information is not available to the IQ estimators,
nor is it required. Both baselines are compared to
our proposed BiLST model to estimate the inter-
action quality used as principal reward component
(RbiIQ).
For learning the dialogue behaviour, a policy
model based on the GP-SARSA algorithm (Gasˇic´
and Young, 2014) is used. This is a value-based
method that uses a Gaussian process to approx-
imate the state-value function. As it takes into
account the uncertainty of the approximation, it
Table 4: Statistics of the domains the IQ reward esti-
mator is trained on (LetsGo) and applied to (rest).
Domain Code # constraints # DB items
LetsGo 4 -
CamRestaurants CR 3 110
CamHotels CH 5 33
SFRestaurants SR 6 271
SFHotels SH 6 182
Laptops L 6 126
is very sample efficient and may even be used to
learn a policy directly through real human interac-
tion (Gasˇic´ et al., 2013).
The decisions of the policy are based on a sum-
mary space representation of the dialogue state
tracker. In this work, the focus tracker (Henderson
et al., 2014)—an effective rule-based tracker—
is used. For each dialogue decision, the policy
chooses exactly one summary action out of a set
of summary actions which are based on general
dialogue acts like request, confirm or inform. The
exact number of system actions varies for the do-
mains and ranges from 16 to 25.
To measure the dialogue performance, the task
success rate (TSR) and the average interaction
quality (AIQ) are measured: the TSR represents
the ratio of dialogues for which the system was
able to provide the correct result. AIQ is calcu-
lated based on the estimated IQ values of the re-
spective model (AIQbi for the BiLSTM andAIQs
for the SVM) at the end of each dialogue. As there
are two IQ estimators, a distinction is made be-
tween AIQs and AIQbi. Additionally, the aver-
age dialogue length (ADL) is reported.
For the simulation experiments, the perfor-
mance of the trained polices on five different
domains was evaluated: Cambridge Hotels and
Restaurants, San Francisco Hotels and Restau-
rants, and Laptops. The complexity of each do-
main is shown in Table 4 and compared to the
LetsGo domain (the domain the estimators have
been trained on).
The dialogues were created using the pub-
licly available spoken dialogue system toolkit Py-
Dial (Ultes et al., 2017b)5 which contains an im-
plementation of the agenda-based user simula-
tor (Schatzmann and Young, 2009) with an addi-
tional error model. The error model simulates the
required semantic error rate (SER) caused in the
real system by the noisy speech channel. For each
5Code freely available at http://www.pydial.org
0.00
0.20
0.40
0.60
0.80
1.00
0% 15% 30% 0% 15% 30% 0% 15% 30% 0% 15% 30% 0% 15% 30% 0% 15% 30%
CR CH SR SH L All
Ta
sk
 S
uc
ce
ss
 R
at
e
Reward using IQ (BiLSTM) Reward using IQ (SVM) Reward using TS
Figure 5: Results of the simulated experiments for all domains showing task success rate (TSR) only. Each value
is computed after 100 evaluation / 1,000 training dialogues averaged over three trials. Numerical results with
significance indicators are shown in Table 5.
domain, all three reward models are compared on
three SERs: 0%, 15%, and 30%. More specif-
ically, the applied evaluation environments are
based on Env. 1, Env. 3, and Env. 6, respectively,
as defined by Casanueva et al. (2017). Hence, for
each domain and for each SER, policies have been
trained using 1,000 dialogues followed by an eval-
uation step of 100 dialogues. The task success
rates in Figure 5 with exact numbers shown in Ta-
ble 5 were computed based on the evaluation step
averaged over three train/evaluation cycles with
different random seeds.
As already known from the experiments con-
ducted by Ultes et al. (2017a), the results of the
SVM IQ reward estimator show similar results in
terms of TSR for RsIQ and RTS in all domains for
an SER of 0%. This finding is even stronger when
comparing RbiIQ and RTS . These high TSRs are
achieved while having the dialogues of both IQ-
based models result in higher AIQ values com-
pared to RTS throughout the experiments. Of
course, only the IQ-based model is aware of the
IQ concept and indeed is trained to optimise it.
For higher SERs, the TSRs lightly degrade for
the IQ-based reward estimators. However, there
seems to be a tendency that the TSR for RbiIQ is
more robust against noise compared to RsIQ while
still resulting in better AIQ values.
Finally, even though the differences are mostly
not significant, there is also a tendency for RbiIQ to
result in shorter dialogues compared to both RsIQ
and RTS .
6 Discussion
One of the major questions of this work addresses
the impact of an IQ reward estimator on the result-
ing dialogues where the IQ estimator achieves bet-
ter performance than previous ones. Analysing the
results of the dialogue policy learning experiment
leads to the conclusion that the policy learned with
RbiIQ performs similar or better than R
s
IQ through
out all experiments while still achieving better av-
erage user satisfaction compared to RTS . Espe-
cially for noisy environments, the improvement is
relevant.
The BiLSTM clearly performs better on the
LEGO corpus while learning the temporal depen-
dencies instead of using handcrafted ones. How-
ever, it entails the risk that these learned tempo-
ral dependencies are too specific to the original
data so that the model does not generalise well
anymore. This would mean that it would be less
suitable to be applied to dialogue policy learning
for different domains. Luckily, the experiments
clearly show that this is not the case.
Obviously, the experiments have only been con-
ducted in a simulated environment and not verified
in a user study with real humans. However, the
general framework of applying an IQ reward es-
timator for learning a dialogue policy has already
been successfully validated with real user experi-
ments by Ultes et al. (2017a) and it seems rather
unlikely that the changes we induce by changing
the reward estimator lead to a fundamentally dif-
ferent result.
Table 5: Results of the simulated experiments for all domains showing task success rate (TSR), average interaction
quality estimated with the SVM (AIQs) and the BiLSTM (AIQbi, and average dialogue length (ADL) in number
of turns. Each value is computed after 100 evaluation / 1,000 training dialogues averaged over three trials with
different random seeds. 1,2,3 marks statistically significant difference compared to RTS , to RsIQ, and to AIQ
bi,
respectively (p < 0.05, T-test for TSR and ADL, Mann-Whitney-U test for AIQ).
Domain SER TSR AIQ
s AIQbi ADL
RTS R
s
IQ R
bi
IQ RTS R
s
IQ RTS R
bi
IQ RTS R
s
IQ R
bi
IQ
CR
0% 1.002,3 0.991 0.991 3.642 3.901 3.683 3.831 4.68 4.88 4.59
15% 0.97 0.94 0.96 3.352 3.651 3.453 3.631 5.853 5.33 5.101
30% 0.94 0.92 0.90 3.152 3.341 3.22 3.30 6.34 6.30 6.25
CH
0% 0.98 0.99 0.99 3.262 3.621 3.33 3.44 5.71 5.61 5.40
15% 0.962 0.891,3 0.932 2.90 2.88 3.14 3.14 6.282 7.261,3 6.312
30% 0.86 0.88 0.87 2.382 2.791 2.793 3.021 7.943 7.31 6.991
SR
0% 0.98 0.97 0.98 3.042 3.531 3.133 3.371 6.26 6.03 5.80
15% 0.903 0.88 0.841 2.402 3.001 2.853 3.011 7.99 7.55 7.33
30% 0.71 0.77 0.78 2.032 2.521 2.463 2.781 9.773 9.41 8.501
SH
0% 0.97 0.99 0.98 3.152 3.521 3.173 3.361 5.992 5.501 5.76
15% 0.88 0.88 0.89 2.632 2.941 2.773 3.171 7.983 7.593 6.631,2
30% 0.832 0.761 0.80 2.50 2.63 2.703 2.871 8.38 9.21 8.37
L
0% 0.98 0.99 0.99 3.262 3.611 3.28 3.41 5.78 5.44 5.60
15% 0.89 0.88 0.92 2.582 2.971 2.923 3.171 7.19 7.34 6.73
30% 0.80 0.74 0.77 2.43 2.57 2.79 2.92 8.222 9.321,3 7.972
All
0% 0.98 0.98 0.98 3.232 3.651 3.31 3.48 5.76 5.50 5.47
15% 0.92 0.89 0.91 2.762 3.101 3.0220 3.201 7.13 7.06 6.52
30% 0.83 0.81 0.82 2.49 2.80 2.78 2.97 8.202 8.231,3 7.662
7 Conclusion
In this work we proposed a novel model for inter-
action quality estimation based on BiLSTMs with
attention mechanism that clearly outperformed the
baseline while learning all temporal dependencies
implicitly. Furthermore, we analysed the impact
of the performance increase on learned polices that
use this interaction quality estimator as the princi-
pal reward component. The dialogues of the pro-
posed interaction quality estimator show a slightly
higher robustness towards noise and shorter dia-
logues while still yielding good performance in
terms of both of task success rate and (estimated)
user satisfaction. This has been demonstrated by
training the reward estimator on a bus information
domain and applying it to learn dialogue policies
in five different domains (Cambridge restaurants
and hotels, San Francisco restaurants and hotels,
Laptops) in a simulated experiment.
For future work, we aim at extending the inter-
action quality estimator by incorporating domain-
independent linguistic data to further improve the
estimation performance. Furthermore, the effects
of using a user satisfaction-based reward estimator
needs to be applied to more complex tasks.
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